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PREFACE 


. 


The tables and diagrams presented in this manual make possible the rapid design- 
ing of reinforced concrete structures in accordance with the Joint Committee Recom- 
mendations, the American Concrete Institute Recommendations, the New York 
Building Code Requirements and the Chicago Building Code Requirements. Some 
of these tables and diagrams will also be found of such a general nature that they 
can be used when the designing requirements are different from any of those men- 
tioned. No tables are presented based on. the flat slab recommendations of the 
Joint Committee as these recommendations are so conservative that they are not 
used to any extent. 

The authors have for some time been preparing and using in their practice various 
tables and diagrams in order to finally obtain complete data in the most convenient 
form and of the greatest value to the majority of designing engineers. The collection 
given in this book is the result. 

No attempt has been made to develop theory or to duplicate information not 
directly relating to concrete design which can conveniently be found in other hand- 
books possessed by all designers. 

Ga A He 
April, 1921. C.78. Wa 
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CONCRETE 
DESIGNERS’ MANUAL 


FLEXURE FORMULAS USED IN PREPARING TABLES AND DIAGRAMS 


The flexure formulas made standard by the Joint Committee relate to working 
stresses and safe loads, and are based on the straight-line theory of stress distribution. 
These formulas were used in preparing the tables and diagrams in this book. 


STANDARD NOTATION 


Rectangular Beams. 
fs = tensile unit stress in steel. 
= compressive unit stress in concrete. 
modulus of elasticity of steel. 
= modulus of elasticity of concrete. 


& bs, 
ll 


° 


E. 

= moment of resistance, or bending moment in general. 
steel area. 

= breadth of beam. 

= depth of beam to center of steel. 

ratio of depth of neutral axis to depth d. 

= depth below top to resultant of the compressive stresses. 
= ratio of lever arm of resisting couple to depth d. 

= d — z = arm Of resisting couple. 


ee ee 
| 


Quire Faas 
ll 


» 


Sietdel ratio =! 
p = steel ratio = 77° 


T-Beams. 
b = width of flange. 
b’ = width of stem. 
= thickness of flange. 
Beams Reinforced for Compression. 
A’ = area of compressive steel. 
p’ = steel ratio for compressive steel. 
fs.’ = compressive unit stress in steel. 
C = total compressive stress in concrete. 
C’ = total compressive stress in steel 
d’ = depth to center of compressive steel. 
z = depth to resultant of C and C’. 
Shear, Bond and Web Reinforcement. 
V = total shear. 
V’ = total shear producing stress in reinforcement. 
shearing unit stress. 


~ 


S 
Il 
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FORMULAS 


u = bond stress per unit area of bar. 
o = circumference or perimeter of bar. 
Yo = sum of the perimeters of all bars. 
T = total stress in single reinforcing member. 
s = Horizontal spacing of reinforcing members. 
A, = area of shear steel in section of beam considered (A. C. I. notation). 
f» = tensile stress in web reinforcement (A. C. I. notation). 
a = spacing of shear steel measured perpendicular to its direction (A. C. IL. 
notation). 
Columns. 
A = total net area. 
A, = area of longitudinal steel. 


A, = area of concrete. 
P = total safe load. 
FORMULAS 
Rectangular Beams. 
a ny SO J 1 fe 
k = V2pn + (pn)? — pn fe ace 
+ f= 
nf 
j=1— \%k 
AE Se eel 
egg £(4 +1) ie 
feNnfe 
2M 2M 
= Wt ki(ba2 — : Sere, 
M, = \6fekj(bd?), or bd fa Ce We iejbd? 
M M 
= 7 2 2 — , == 7 
M; = pfsj(bd?), or bd Ae OF fs; Wea 
ey 2fsp Sak 


FS Ot ea 

T-Beams.—With a T-beam it is necessary to distinguish two cases; namely, (1) 
the neutral axis in the flange, and (2) the neutral axis in the web. 

Case I. The Neutral Axis in the Flange.—All formulas for “‘moment calculations” 
of rectangular beams apply to this case. It should be remembered, however, that 
b of the formulas denotes flange width, not web width, and p (the steel ratio) is 
a not 

Case II. The Neutral Axis in the Web.—The amount of compression in the web 
is commonly small compared with that in the flange, and is generally neglected. The 
formulas to use, assuming a straight-line variation of stress and neglecting the com- 
pression in the web, are: 


ve “5 

Dae 
_ 2ndA,. + bi? 
ae 2nA, + 2bt 
t iz 
pn + 34 (4) 

k= 
pn +5 

yee 
7 Oe = iS 

jd =d-2z 


FORMULAS 
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es n(1 — k) 
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M, = f.Agjd 
t 


M, =1.(1 a ea) bt -jd 


Approximate formulas can also be obtained. The arm of the resisting couple is 
never as small as d — lt, and the average unit compressive stress is never as small 
as }f., except when the neutral axis is at the top of the web. Using these limiting 
values as approximations for the true ones, 

M. = 16f-bt(d — 15t) 
M 
M, = A.fs(d — 16 .= 
of: (d lot), or A fs(d ay 14t) 
The errors involved in these approximations are on the side of safety. 

Formulas which take into account the compression in the stem are recommended 
where the flange is small compared to the stem. Such formulas may be found in the 
report of the Joint Committee, and are as follows: 
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Rectangular Beams Reinforced for Compression. 
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Shear, Bond and Web Reinforcement. 


Joint Commitice (Recommended V’ = 24V): 
Vertical web reinforcement 
ee Ree be ee ee 
von pre Li a (a) 
Bars bent up at angles between 20 and 45 deg. with the horizontal, 
and web members inclined at 45 deg. 
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= 0.75V’  0.75V" jd 
American Concreie Institute: 
= Adae Or Ar = a 
Columns. 

Square Cored 
B= TAY (a) 

Round Cored Hooped 
Pa ATi e6t =o |) pipette eee Joint Committee 
P= Af{Q + 4np’) + @m— I)pl.......... Am, Conc. Inst. 
P= Ap [i - GF = pl foi AS eee New York Code 
P = Af.(1 + 2.5np) 1 + @ —Dp)....... Chicago Code 


(In the above formulas p’ = percentage of spiral. f,in the New York 
formula is taken at 20,000 Ib. per sq. in.) 


SECTION 1 
SLABS 


Diagrams 1 to 9 inclusive give the total safe loads on solid slabs of different depths 
for the various combinations of working stresses, bending moment coefficients and 
span lengths. 

Diagrams 10 and 11 give the bending fhoments for different values of the total load 
per square foot, the span length, and the bending moment coefficients. 

Diagrams 12 to 17 inclusive may be used to find the moments of resistance and 
area of steel required in solid slabs for various combinations of working stresses. 

Table 1 may be employed to find the size and spacing of round or square rods for a 
given sectional area of steel per foot of solid slab. 

Tables 2 to 7 inclusive give the total safe load for ribbed slabs for various combinations 
of working stresses. 


Example of Design of Solid Slab 


2 
Given: Live load = 300 lb. per sq. ft.; span length =8 ft. 6 in.; M = ee fc = 650; 


fe = 16,000; n = 15. 

Using Diagram 3, a slab of 8!4-ft. span, with a depth to steel of 434 in., is found 
to have sufficient strength to carry a total load of 405 lb. per sq. ft. Assuming a 
549-in. rough slab with 1 in. of finish on top (not placed monolithically) and plastered 
below, the loading will be as follows: 


614 in. of concrete = 81 
IaSteree pees 6 5 
Biveloadee. on —o00 


Total load =386 lb. per sq. ft. 


Diagram 11 shows the bending moment for this load on an 8}9-ft. span, when 
= - to be 27,900 in.-Ib 

Entering Diagram 12 at the left with this bending moment, it is found that the 
area of steel required per foot width for a slab having a depth to steel of 434 in. is 
0.42 sq. in., or 14-in. round rods spaced 5} in. on centers (see also Table iN): 

The use of the bending moment coefficient 1/2 means that the slab is continuous 
over supports and that the area of steel over the supports must be the same as at the 
center of the span. From Diagram 25, page 57, it will be found that one-half of the 
rods can be bent up from the hottom at 22 in. from the support and these rods should be 
run to the quarter point of the adjacent span. 


M 


Example of Design of Ribbed Slab 
Given: Live load = 100 lb. per sqft.; hollow-tile floor; span of joists = 19 ft.; M = 
a f. = 650; fe = 16,000; n = 15. 


SLABS 


Assuming a 2-in. topping and an 8-in. tile, Table 2 shows the total safe load to be 
190 lb. per sq. ft., with a steel area per joist of 0.90sq.in. The table also shows the 
dead weight of floor to be 73 lb. per sq. ft. which makes a total load to be carried of 
173 lb. per sq. ft., or less than the maximum safe load. The floor is usually plastered 
below, which would make the total load 178 lb. per sq. ft. A314-in. topping with 6-in. 
tile would also answer. 

When the size of tile and thickness of topping have been determined, it is necessary 
to design the joists with reference to shear, bond, and compression in the concrete at 
the haunch by treating them as individual beams. 
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RIBBED 
SLABS 


SAFE LOAD ON RIBBED SLABS 
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SLABS 
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‘TABLE 6 


SAFE LOAD ON RIBBED SLABS 
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RIBBED 
SLABS 
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SECTION 2 
FLAT SLABS 


The designs of square interior flat slab panels according to the American Concrete 
Institute recommendations, and the New York and Chicago Codes are given in Tables 
8 to 13inclusive. These are for panels from 16 to 26 ft. square, both with and without 
drops, and for live loads from 100 to 350 Ib. per sq. ft. of floor. An allowance of 6 lb. 
per sq. ft. was made for weight of finish. 

The quantities given are believed to be conservative and by careful detailing it will 
usually be found possible to keep the weight of the steel slightly below that given in 
the tables. 

Rectangular panels and wall panels must be designed according to the special 
requirements of the different codes. 

Columns supporting flat slab floors must be designed to take the bending moments 
produced by the cantilever action of the slab. After the bending moments in the 
columns have been estimated, the stresses may be determined by the diagrams of 
Section 8. The majority of columns used have round hooped cores and Diagrams 60 
to 64 inclusive have been constructed for the design of such columns when subjected 


to bending. 
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FLAT FLAT SLAB FLOORS 
SLABS AMERICAN CONCRETE INSTITUTE RECOMMENDATIONS 
INTERIOR SQUARE PANELS 


f,=650 for positive moment 
f,=750 for negative moment 
f, =16,000 

n=15 
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Section A-A 


Bending Moment Coefficients 


Moment coefficients shown on diagram are to be multiplied by WL. 
W = wL?. 
w = total dead and live load in pounds per square foot. 
L = span center to center of columns for square panels. 
Values shown above moment coefficients are percentages of numerical sum of moments in one 
direction across panel. 
Numerical sum of moments in one direction across panel = 0.0648WL. 
Minimum size of drop =0.3L. 
Minimum diameter of capital = 0.225L, 
KE ee + 1 (¢ in inches, L in feet) 


t = total thickness of slab. 
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TABLE 8 


FLAT SLAB FLOORS FLAT 
AMERICAN CONCRETE INSTITUTE RECOMMENDATIONS SLABS 
INTERIOR SQUARE PANELS 


DROP CONSTRUCTION 


f, =650 for positive moment 
f,=750 for negative moment 
f, =16,000 

n=15 


Superimposed load = 100 lb. per sq. ft. 


; Round steel rods in each band 
; Concrete | : 
Panel | Capital Size of Depth Depth Seabie Steel in 
size diam- Aeeroanel of slab of drop fect per Ib. per 
(feet) eter PP (inches) | (inches) ace tt Diese Across | piaconal| 84: ft 
ae direct becca 
16X16 306% Se LOU SCALA” 6 214 0.52 14-34” Soe 11-34” 1.95 
17X17 3” 9” Lee pr Ad ee ied 616 2% 0.56 16-34” 9-3¢"" 13-34” 2.14 
18X18 | 470” | 5° 6x5’ 6” | 63% 214 0.58 | 18 34” | 10-34” | 15-34” 2.25 
19X19 | 473” | 5° "x5" 8” | 714 214 0.62 | 21-3g” | 11-34" | 16-34" | 2.38 
20X20 | 476” | 6 ONXe O”| 716 234 Gel) Ee? || (OSA? | Ee 2.53 
uu" u u” 
21 X 21 4’ 9” 6’ 4”x 6’ 4” 8 234 0.69 20-6 10-%6 16-Ye : 2.70 
22 X 22 5’ 0” 6S" C6! <8? 84 34 Oe rl 21-146" 12-46” 16-746” 2.81 
23 X 23 5’ 3” Me OF SOTO: 834 316 0.76 23-46 13-Ye 18-176 3.06 
24 x 24 5716” Cg BOT A” Oe 378 as Sore 1630" ees ae ni 
25 | 59” | 7 6X7 6” | 936 31g 0. 29-14 6 The” | 23-146 
een 6204 Ton XT IOe 934 334 | 0.84 31-6” | 17-Ke” | 25-“YWe” | 3.55 
Superimposed load = 150 Ib. per sq. ft. 
= — 
C t Round steel rods in each band é 
Panel | Capital Si f Depth Depth aah Steel in 
size diam- ‘d 8 2 of slab of drop | foot per lb. per 
(feet) eter | PODS | (inches) | (inches) sq. ft. Direct eros Diacoual sq. ft 
irec 
16X16 | 3/6” | 4’10"x4’10"| 6 234 0.52 | 18-34” | 10-34” | 15-36” 2.54 
, ” , ” 44 ” 3 + << f 
17X17 > ~ y eee i Hee) 317 | 0.59 23-34" 14-34" 19-34” 2.90 
18X18 40 5 62 Xb" 6 4 4 
19x19 | 4/3” | 5 8*xK5’ 8”| 7 34 0.63 | 26-34” | 14-34” | 20-34” 3.00 
20X20 | 476" | 6 O”X6’ 0” | 734 344 0.65 | 22-346” | 12-%46” | 17-146" | 3.27 
a1x21| ag” |e anxe 47] 8 3M 0.69 | 24-346” | 13-346” | 20-246” | 3.52 
ro” | 6 87K6! 8” | 8% 4 0.72 | 26-346" | 14-346” | 22-%{6" | 3.62 
328 | ge |e one or | 884 4 0.76 | 29-246" | 16-146" | 23-746” | 3.78 
ba od > 6” (fence Ly Gr Ln eb 9 ng 44 0.78 ares cs Dae es Ue cage 
rh ” - ” / 6” 9 ae 4) 0 83 = ry Gis -i%6 
36x26 ° o” i, 10" <7" 10” 333 434 0.85 39-% 6” | 21-He” | 31-He” 4.45 
| 
Superimposed load = 200 Ib. per sq. ft. 
; Round steel rods in each band 
F Concrete Steels 
Panel | Capital Size of Depth DepUN a een ic si: os 
size diam- 1 : 1 of slab of drop Reetcnep ; a 
(feet) ior drop pane (inches) | (inches) sq. ft. Direct nae Diagonal | 
irec 
10” 6 3 0.58 | 20-34” | 11-34” | 17-34” 2.83 
ete | Bar | 5 ako or | 8% | Suz | 0.50 | 2a-ser | us-$er | 1o-ger | 3.07 
A 3 0.63 | 26-34” - 3% 2- 3% . 
18X18 Al QU ONG Case 6” 74 3% B70 _32Zn 25-34" 3 50 
4 0.66 | 30-3 16-3 34 
19X19 4! 3” 5’ 8” 5’ 8” 714 4 0.70 o5-17 6" 13-14 6" 30-14 6” 3°70 
20 X 20 4’ 6” 6’ 0” x6’ On 8 43 0.72 27-140" 16-140" | 22-440" 3°87 
le oS aye ge | oe a 0.76 | 30-246" | 17-146" | 25-246" | 4.15 
22x22 | 5° 0" | 6 sxe BF) 8% ri 0.81 | 33-246" | 18-146" | 26-146” | 4.26 
Bees | bee a Or xT OF) 8 Be 0.83 | 36-246” | 20-%6” | 30-% 6" | 4.45 
24x 24 5! 6” UE Ce 9/4 AT || DPA PUP || BU 4.59 
Gas oe |i axe ee | b | ge | aes | eae lane) 
26 X 26 
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TABLE 8 


FLAT FLAT SLAB FLOORS _ 
SLABS AMERICAN CONCRETE INSTITUTE RECOMMENDATIONS 
INTERIOR SQUARE PANELS 


DROP CONSTRUCTION 


f,=650 for positive moment 
f.=750 for negative moment 
f, = 16,000 

n=15 


Superimposed load = 250 lb. per sq. ft. 


; 

C t Round steel rods in each band | ; 

Size of rakes Dep se eabies Steel in 
“of sla of drop 

drop panel (inches) | (inches) ee : Across 


Capital 
diam- 
eter 


| Diagonal 


10” 4’ 10” 


NN 


DNBAIBADS, 
NEN Ne 
RAW\P\ — bd\) 


wS\ 
wes 


CLOT OCCUR BR HB 09 09 
cooocooeoscoo 
OV OTH He HB 00 09 09 09 


10” X7’ 10” 


Superimposed load = 300 Ib. per sq. ft. 


c t Round steel rods in each band 
Size of Depth | Depth | jn"cubie Pg 
arocaiel of slab of drop | 
ee (inches) | (inches) : Across . 
Direct | piece | Diagonal 


Capital 
diam- 
eter 


10” x4’ 10” 
, DING HR Qo” 
67 X 5 
8” x5! 8 
QO” xg 6/ 
4” x< 6/ 
8” X 6" 
(4 GK We 
4” >< 7 
6” x 7 
LO" 8710" 


19-34” 


Neo eo NN 
BAR\BXRABN, 


NID CH Or Or ER OO 
ACA 
DONIBNIRADS, 


BHR OOCOOCOCCCoOoO 
Or Or Or pe HH He Co Co 00 


Superimposed load = 350 lb. per sq. ft. 


Round steel rods in each band 
Depth Depth Concrete Steel in 


Size of in cubic 
of slab of drop 
drop panel (inches) | (inches) } ey Si Across 


direct 


| Diagonal 


[$23 347 
| 25-34” 
20-14 6” 
22-7 6 uw 
25-6" 
27- K% 6” 
30-74 6” 
Soa 
28-14" — 
30-14” 
33-16” 


Neo 
cS 


10” x4’ 10” 
1 Oo" % 5 9” 
6” S< 5/ 
8” SM 5/ 
0” xX 6’ 
4” SK 6/ 
8” X6’ 8 
0” < vi 
4” < 7 
6” >< hd 
10" 710” 


PPS 


NIE NIRA 
\oe 


NNR OOCOOMMsT 
TARAS Net CoN \ 09 


PATON ANE NA A 
DMONIAAA CO 


NENA NON 
pee OOCOCOCCoCO 


Bee eee 
Lt ee 


> OT ON OU HR IB 0 09 
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TABLE 9 


FLAT SLAB FLOORS . FLAT 
_AMERICAN CONCRETE INSTITUTE RECOMMENDATIONS SLABS 
INTERIOR SQUARE PANELS 


CAP CONSTRUCTION 


f, =650 for positive moment 
f,=750 for negative moment 
f, = 16,000 

n=15 


Superimposed load = 100 lb. per sq. ft. 


Gone Round steel rods in each band ; 
Panel size | Capital os in cubic = ieee fs! 
(feet) diameter Gahran feet per Direct over prerien ; saree 
sq. ft. Direct column, add’l rea Diagonal 
| each way ees 
16X16 SRO” 614 0.542 17-3” 4-3¢” 9-36” 13-34” 2.54 
WY aay 3’ 9” 634 0.563 20-34” 4-34” 11-34” 15-34” 2.66 
18X18 4’ 0” 7 0.584 23 -347 5-34” 12-34” 17-36” 2.84 
19X19 4’ 3” 74 0.625 25-3” 5-36” 13-34” 19-34” 3.04 
20 X 20 4’ 6” 8 0.667 | 21-246” 4 6” 11-%{6” | 16-146” 3.24 
21X21 4’ 9" 84 0.688 24-14 6” 4-6” Mag tal 1829 ee 3.45 
22 X 22 S702 834 0.730 26-746” 5-46” 14-74 5” 19-74 6” 3.62 
23 X 23 be37 9 0.750 29-146” 4-146” 15-746” 21-146” 3.78 
24 X 24 556" 916 0.792 32-146” 4-14 6” 17—Yo6” 23-146” 3.96 
25X25 boSS 954 | 0-813 35-14 6” 5-4 6” | 18-746” 26-74 6” 4.17 
26X26 6’ 0” 10 0.833 | 39-Y{ 6” | 5-14 6” 21-1746” 29-KYe 4.36 
| | | | 
Superimposed load = 150 lb. per sq. ft. 
| Round steel rods in each band 
F é Depth Concrete | “8 “ Steel in 
Eon size 5 oe oa eee | s eupie | om Inet 
(feet) iameter ° eet per irect over ; eee 
Guches) sq. ft | Direct column, add’l neo Diagonal sq 
each way 
Bao i 0.583 20-34” 4-36” 11-34” 14-34” 2.83 
ecie Bea ay 0.605 23-34" 4-32” 12 ee Ws 2.98 
18 x18 4’ 0” 734 0.646 26-34” 4- oe ae 14-38% 19 74 - ee 
19X19 AT Se 814 0.688 21-6” 4-14 6” 12-Ye 15-Me6 3.27 
20 X 20 £I6" 8446 0.709 24-46” 4-146” 13-14 6” 18-7} 6” 3.48 
21x21 4’ 9” 9 ‘ 0.750 26-6” 6-6” 15-4 6” 20-74 6” 3.18 
22x 22 5” 0” 9146 0.792 29-46” 5-6” 16-%6” 21-Ke’ 3.91 
23 X 23 5 3” 934 0.813 32-46” 5-146” 18 Y%65” 24-7 4.16 
24 X 24 5’ 6” 10% 0.854 35-6” 6-% 6” 19-174 5” 26-146” 4.34 
25 X 25 529" 1014 0.875 39-14 6” 5 Ke” 21-76” 28-14 6” 4.51 
26 X 26 6’ 0” 11 0.917 | 42-%.6” 6 Hie” 24-146” | 31-Ke” CUT As) 


Superimposed load = 200 Ib. per sq. ft. 


Round steel rods in each band 


Concrete | | Steel in 
Panel size | Capital gis 2 oe = Pe eat r lb. Be 
- +t : eet per irect ove : ; sq. ft. 
a ameter | (inches) sq. ft. Direct column, add’l pe Diagonal a 
each way 
5 z 4 2.36" | 17-96" 3.12 
OG 7% 0.625 22-34” 5-34” 12 34” 4) : 
tpt? 3 9” 5? 0.667 | 25 34” 3, 14-9” | 19-36" 3.29 
18X18 4’ 0” 84 0.708 29- 34” 5-34 16-% F, 38”, 3.49 
19x19 4’ 3” 9 0.750 23 6" 5-146" alee Aen mies 
ctor ae $78 Oe Ne oe Pas ede 16-6" | 21-%6" | 4.04 
21x 21 4’ 9” 10 0.833 29-6 5-4 6” 5-74 6 | ae 6” bo 
1” 0.875 | 32-%6" | 4-He 17-146" | 23-346’ 
ecole oy 3” ee 0.938 34-6? igs a Be As) sea aioe 
Merle 12 1.000 38-74 6 -A6 21-6 | sal 
fort: er on 1234 1.063 41-146” SGey 23-14 67 wages aioe 
26X26 6/ 0” 1344 1.142 47-146” 5 -KHe 26 Heo 34 -KHeo . 
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FLAT 
SLABS 


f, =16,000 
n=15 


FLAT SLAB FLOORS 
AMERICAN CONCRETE INSTITUTE RECOMMENDATIONS 
INTERIOR SQUARE PANELS 


CAP CONSTRUCTION 


f, =650 for positive moment 
f, =750 for negative moment 


Superimposed load = 250 Ib. per sq. ft. 


TABLE 9 


Panel size 
(feet) 


Capital 
diameter 


Depth 
of slab 
(inches) 


Concrete 


Round steel rods in each band 


Steel in 


Direct 


Direct over 
column, add’l 


Across 


Diagonal 


Se et et et OOOO 


Neulnelee 
RNR 
3S 


> 


| 
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HB CUB CUA DO HS HA HH > 
“7 
I 
AAA” 


| 
SANSA 
AAADA 


| 


16-34” 

19-34” 

23-36" 

17-746" 
192146” 
20-746” 
23-Ke” 
25-146" 
28-Kye” | 
30-746” | 


33-14 6 et 
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Superimposed load = 300 lb. per sq. ft. 


Panel size 
(feet) 


Capital 
diameter 


Depth 
of slab 
(inches) 


| Conerete 


Round steel rods in 


each band 


+- 


Steel in 


Direct 


Direct over 


| column, add'l | 


each way | 


hat 
| 


Across 
direct 


Diagonal 


wu” 
-34 


RR Re ee ee OOO 


3 


Dl) 
8 


(eee 
Sa ‘ \ 
DREN ER OREN RE NOACON 
AAAAAAA 


SINS SAS Oe? 


13-3¢” 
ee 


He He HS He He He CO CO C0 CO C0 


Superimposed load = 350 lb. per sq. ft. 


Panel size 
(feet) 


Capital 
| diameter 


Depth 
of slab 
(inches) 


| 


Concrete 


Round steel rods in each band 


oe 


Steel in 


in cubic -— 
feet per 
sq. ft. Direct 


Direct over 
column, add’l | 
each way | 


Across 
direct 


Diagonal 


mek mk fred fed fed fed fa fet ft ft CD 


| 
RNSNENUNSNENSNO OO 


SMITA Tea a ae 


ae 


17-36” 
19-34 ” 

21-34” 

24-3¢ ” 

19-146” 
21-746” 
23-14 6” 
26-146” 
27-146” 
30-34 6” 
33-746” 
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FLAT SLAB FLOORS 
NEW YORK CITY BUILDING CODE Seas 
INTERIOR SQUARE PANELS 


f, =650 for positive moment 
f.=750 for negative moment 
f, = 16,000 

nm=15 


head sectio 


L-> 


Bee ee Ne 
20/00 
Mid section 


(7 


satel dade 
Q0050 
Column 

head sect 


3 


Section A-A 


Bending Moment Coefficients 
Moment coefficients shown on diagram are'to be multiplied by WL. 


W = wl? 
w = total dead and live load in pounds per square foot. 
IL = span center to center of columns for square panels, or average span for rectangular 


panels where long dimension is not more than 1.1 times short dimension. 
Values shown above coefficients are percentages of numerical sum of moments in one direction 
across panel. 
Numerical sum of moments in one d:rection across panel = 0.0587WL. 
Minimum size of drop = 0.33L. 
| Minimum diameter of capital = 0.225L. 
6 
| ; 
‘Minimum t = ee Raat ae ic caine HDA SN 
Ib fae 
t = total thickness of slab. 
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TABLE 10 


FLAT FLAT SLAB FLOORS 
SLABS NEW YORK CITY BUILDING CODE 
INTERIOR SQUARE PANELS 


DROP CONSTRUCTION 


f,=650 for positive moment 
f, =750 for negative moment 
f, =16,000 

n=15 


Superimposed load = 100 lb. per sq. ft. 


ane ae snk aoe Concrete Round steel rods in each band | at ae 
: Capital in cubic | 
size ABR AES drop of slab of drop feet per lb. per 
(feet) panel (inches) | (inches) sq. ft Diveck Across Dindonal sq. ft. 
tet direct 
| 
16X16 360 Oma 6 3 0.528 13-34” 9-34” | 9-36” 1.76 
ef Sealy SO 57 8” 614 3 0.570 15-34” 11-34" 10-34” 1.89 
18X18 250% 6507, 634 3% 0.593 17-34” 12-34” 12-34” 2.04 
19X19 4’ 3” 6/ 4” 744 314 0.636 19-34” 14-34” 13-3” 2.14 
mee | ae || ee | ee a ee 
u 4 i“ 17-3” 17-34” 2.40 
22 X 22 oO” 0% i ee es 814 4 0.725 26-34” 19 34” 19-34” 2.57 
23 X 23 eee MSe 834 44 0.770 22-46” | 16-%6” | 16-He” 2.85 
cee e es 2 vis ee 4% ; 794 | 24-.6” | 18-Y%6” | 17-K%e” 2.95 
14 3 835 26-6” | 19-K%e” | 19-Ke” 3.10 
26X26 6" 0” 8/ 8” 93% ae 0.858 | 29-6" | 21-446" | 21-446" | 3.30 
Superimposed load = 150 lb. per sq. ft. 
: | Round steel rods in each band | 
Panel Capital Size of Depth Depth Concrete Steel in 
size Acaieter drop of slab | of drop faabiner Ib. per 
(feet) 5 panel (inches) | (inches) sq ie lancet Across D 1 sq. ft. 
Tt. aac jagona. 
| 
16X16 3. 6” 504" 6 3 0.528 16-3¢” 12—3¢” 12-34” 
17x17 37 9” 5’ 8” 64 34 0.571 | 18-3¢” | 13-34” 13-36" 3132 
18X18 ee 6’ 0” 634 314 0.595 | 20-35” | 15-34” | 15-34” 2.48 
19X19 4’ 3” 6’ 4” 744 4 0.641 22-34” 17-34” 16-34” 2.54 
20 X 20 4’ 6” GESe 744 4 0.662 25-34” 19—3¢” 19-3¢” 2.62 
21X21 4’ 9” Oe: 8 414 0.706 27-3¢” 20 34” 20-34” 2.82 
22 X 22 5? 0” COAL 814 414 0:727 23-KH%e” | 17-HWoe” | 17-He” 3.15 
23 X 23 ey UE 834 434 0.774 25-6” | 19-%6” 18-146" 3.24 
24 & 24 O06" 8’ 0” 914 5 0.817 27-46” | 20-746” | 20-%5” 3.36 
25 X 25 5” oe 8’ A 9146 51g 0.841 30-46" | 22-6” 22-14 6” oy 58 
26 X 26 6’ 0 88 10 534 0.887 | 32-%,_” | 24-146” | 24-%,” 3272 
Superimposed load = 200 Ib. per sa. ft. 
eed ; Sige ne oe Deoth | Concrete | Round steel rods in each band | ; 
size Capital A P P in cubie Steel in 
: rop of slab of drop 
(feet) diameter panel (inches) | (inches) feet per A me Mt 
7 sq. ft. Direct SPOR eis Ti aoe 
direct eons 
, uv tf u 17 <4 4 9 . 
wee [ge | ce | | ae | oan lagge [ieae luge | ae 
18X18 4’ 0” 6’ 0” 7% 44 0 eds oscece ft youn laedees ee 
19X19 Ar 30 6! 4” 734 44 5 3g gon ” ; 
4 14 0.685 | 24—3¢ 18 18-34 2°80 
20 X 20 4° 6” 6” 8” 834 439 0.729 | 20-346” 15=%4 "145 44 ” 3°04 
Be allen gh ny ts 884 5 0.775 | 22-346" | 17-346" } 16-140" | 3.14 
2 5 wu 7 : 
23 K 23 5/3" 7’ 8" O14 243 G.700 1 20  Fie Lo ae, sea ae | ee 
24 & 24 5’ 6” > Or va ox 0.841 27 146 21-4 20-14 g 3.54 
Fae 80 10 534 0.887 | 29-746” | 22-344” | 22-37,” 3 
25 X25 5’ 9” 8/4" 108% 614 0.954 | 31-276” | 24-140" | 23-440" a 
Ud 1 Q” 7 1g7 mrs . 
26 X 26 (yo) 8’ 8 114 634 1.002 34-KHe” | 26-%6” | 25-H%6” 3.94 
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TABLE 10 


FLAT SLAB FLOORS 


NEW YORK CITY BUILDING CODE 
INTERIOR SQUARE PANELS 


DROP CONSTRUCTION 


f, =650 for positive moment 
f, =750 for negative moment 
f, = 16,000 
w—15 


Superimposed load = 250 Ib. per sq. ft. 


Capital 
diameter 


Depth 
of slab 
(inches) 


Depth 
of drop 
(inches) 


| 
Concrete 
in cubic 


Round steel rods in 


each band 


feet per 
sq. ft. 


Direct 


Across 
direct 


Diagonal 


SOG 
3° 9” 
Av O” 
4’ 3” 
4’ 6” 
4' 9” 
5’ 0” 
5/3” 
5/ 6” 
5/ g’” 
6°02 


SIND DOO He 
BRT ASS 


BRAK 


HHH OCOOCOOCoO 
t 0 

or 

o 


13-36” 
15-34” 


wwwwwwwnrdydrw 


Superimposed load = 


300 Ib. per 


Panel 
size 


(feet) 


Capital 
diameter 


Depth 
of slab 
(inches) 


Depth 
of drop 
(inches) 


| Concrete 
| in cubic 
| feet per 
sq. ft. 


Round steel rods in each band 


Direct 


| 
| 


Across 
direct 


Diagonal 


16X16 
17X17 
18X18 
19x19 
20 X 20 
21X21 
22 X 22 
23 X23 
24 X 24 
25 X 25 
26 X 26 


3° 6% 
3’ 9” 
4’ Q” 
4’ 3” 
4’ 6” 
4’ 9” 
5’ 0” 
5’ 3” 
5/ 6” 
5/ 9” 
6’ 0” 


. 749 
.796 
.858 
.928 
.996 
.043 
.104 
.169 
.215 
. 283 
B75 


eee RRR OOCOCO 


18-36” 
20-34” 
22-54” 


Wwwnwwwwnmnnwrn 
= 
» 


Superimposed load = 


Panel 
size 
(feet) 


Capital 
diameter 


| Depth 
| of slab 
(inches) 


350 Ib. per 


Depth 
of drop 


(inches) 


Concrete 
in cubic 
feet per 
sq. ft. 


Round steel rods in each band 


Direct 


Across 
direct 


Diagonal 


Steel in 


. 827 
882 
-951 
.017 
.101 
. 169 
.239 
324 
393 
.483 
. 569 


Be Re eRe EH OOO 
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TABLE 11 


FLAT FLAT SLAB FLOORS 
SLABS NEW YORK CITY BUILDING CODE 
INTERIOR SQUARE PANELS 


CAP CONSTRUCTION 


f, =650 for positive moment 
f,=750 for negative moment 
f, = 16,000 

n=15 


Superimposed load = 100 lb. per sq. ft. 


C Round steel rods in each band 
Depth oncrete 


Panel size | Capital 
(feet) diameter of slab 


Direct over : 
Direct column, add’l : Diagonal | 
each way 


(inches) 


ooooooooooo 
WWWNNWNNNNH 
X 


.937 


Superimposed load = 150 lb. per sq. ft. 


Concrete Round steel rods in : 
Panel size | Capital a — Steel in 


(feet) diameter Gionen) Direct over 
i column, add’l 
each way 


Across 


dimect Diagonal 


8-34 uw 9-34 ww 
10-34 ” 
11-34” 
13-34” 
10-6” 
LZ ie 
13-6” 
15-5” 
12-14" 

3 12-14” 
042 4 14-14” 


NNN 
» RAT AG 


[aS 
HrROOCOOCoCOCoCO 


WHWwwwwnnWnwwhty 


Superimposed load = 200 Ib. per sa. ft. 


Round steel rods in 


Depth Concrete 


of ae Direct 

: irect over 
(inches) Direct column, add’l 
each way 


Panel size | Capital Steel in 


(feet) diameter 
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TABLE i1 


Panel size | 
(feet) 


Capital 
diameter 


FLAT SLAB FLOORS 
NEW YORK CITY BUILDING CODE 
INTERIOR SQUARE PANELS 


CAP CONSTRUCTION 


f.=650 for positive moment 
f.=750 for negative moment 


f,=16,000 
n=15 


Superimposed load = 


250 Ib. per sq. ft. 


FLAT 
SLABS 


Depth 
of slab 
(inches) 


Concrete 


Round steel rods in each band 


Direct over 
column, add’l 
each way 


Diagonal 


HH eee OOOOCOO 


10-34” 


S 


tt TR aT ee 
TP IWAAD 


<< 


3 


3 


a 


FS TEAC MI RETR Eton Te 
NENSNENENE NEN SASS 9, 
DARA NARARADARA AARON 


SN ae tae 


RiP ROW WWWWhh 


300 Ib. per sq. ft. 


Panel size 
(feet) 


Capital 
diameter 


Depth 
of slab 
(inches) 


| 
Concrete 


Round steel rods in each band 


Direct 


Direct over 
column, add’l 
each way 


Across 
direct 


Diagonal 


Steel in 
lb. per 
sq. ft. 


RR eH HHH HOO O 


. 500 


N 
34 


v7 
” 
y 
y 


11-34” 
9-146” 
10-7 
12-74 6’ 
13-3 
11-14" 
12-14 
14-44 
15-14 
16-14” 
ie “34” 


= 


_ 


| 


3 


S 


= 


WRAAMH 


S 


s 


SO ETAY ten Tea 
\e\e Ae WAIANAE 
RNS RRR AN DREN oN 


S 
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= 


Re 


Superimposed load = 


350 lb. per sq. ft. 


Panel size 
(feet) 


Capital 
diameter 


Depth 


of slab 


(inches) 


Concrete 
in cubic 
| feet 

sq. ft. 


Round steel rods in each band 


Direct 


Direct over 
column, add’l 
each way 


Across 
direct 


Diagonal 


.958 
.021 
.083 
. 146 
. 229 
. 292 
.3875 
437 
.621 
. 604 
. 667 


ee RO 


20- cea" 


3 


= 


3 


| 


SOwme 


J 


ys 
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| 
VAAAG 


S 


| 
33 


RAR RADAR 


= 
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FLAT SLAB FLOORS 
SLABS CHICAGO BUILDING CODE 
INTERIOR SQUARE PANELS 


f.=700 for positive moment 
f, =805 for negative moment 
f, =18,000 

n=15 


Section onnG-G 


Bending Moment Coefficients 


Moment coefficients shown on diagram are to be multiplied by WL. 
W = wl? 
w = total dead and live load in pounds per square foot. 
L = span center to center of columns for square panels, or average span for rectangular 
panels where long dimension is not more than 1.05 times short dimension. 
Values shown above moment coefficients are percentages of numerical sum of moments in one 
direction across panel. 
Numerical sum of moments in one direction across panel: 
for drop construction 0.0625WL 
for cap construction  0.0679WL 
Minimum size of drop = 4 
Minimum diameter of capital = 0.2252 
6 
Minimum t = } /W/44 
L/32 
t = total thickness of slab. 
t is in inches, L is in feet. 
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TABLE 12 


FLAT SLAB FLOORS FLAT 
CHICAGO BUILDING CODE SLABS 
INTERIOR SQUARE PANELS 


DROP CONSTRUCTION 


f,=700 for positive moment 
f. =805 for negative moment 
f, = 18,000 

n=15 


Superimposed load = 100 lb. per sq. ft. 


Round steel rods in each band 
4 Concrete 5 
Panel | Capital : Depth Depth | ; A ___| Steel in 
size diam- EAbine ce il | of slab of drop ae lb. per 
(feet) eter LN | Gnches) | (inches) sq a TDinect Across Disgensl sq. ft. 
Eee direct : 
= | ee a — = — 
16X16 30 62 5! 4” <5! 4” 6 316 0.54 13-34” 9-34” 10-34” 1.83 
17X17 3-92 5’ 8” X 5’ 8” 616 334 0.58 15 3%” 10-34” 11-3” 1.94 
18 X18 4’ 0” 62107><6/10” 634 414 0.60 17-34” 11-34” 12 34” 2.04 
19X19 4! 3” 6’ 4” X 6’ 4” 74 | 414 | 0.65 19-34” 13-34” 14-34” 2.19 
20 X 20 4’ 6” 6’ 8” X 6’ 8” 744 416 0.67 22-34” 14-34” 16-34” 2.35 
21X21 4’ 9” OTe 0” 8 434 0272 24-34” 16-34” feet Me 2.45 
et, ie ee eee | ae 
bios | ger | a orca on 9. 33 0.81 | 25-746” | 16-246” | 17-%6” | 2.99 
25X25 | 5/9” | 8° 4”<8' 4" 944 | 6 0.85 | 27-346” | 17-K%_” | 18-%46” 3.04 
26 X 26 6’ 0” 8’ 8” X8’ 8” 934 «Ce 6 0.87 380-6” | 20-%6” | 21-Ke” 3.33 
Superimposed load = 150 lb. per sq. ft. 
= ] l 
| 1 rods i h band 
ee | ei eee rag @onerete Round steel rods in each ban Aone 
Panel apita. Size of oa b ad in cubic ; ipo 
Blze. diam- drop panel | Gh ae ) Gahan feet per Roos Of tt 
(feet) eter inches sq. ft. Direct Btrsce Diagonal 
| 
roGr 5! 4" 5’ 4” 6 334 0.54 17-34” 11-34” 12-34” 2.31 
19 7 3, 9” Dy 8” 505! 8” 644 334 0.58 19-34” 13 3g” 14-34” 2.46 
18X18 4r07 610767 02 634 4 0.61 21-34” 15-34” 16-34” 2.63 
19x19 BOS 6’ 4” * 6’ 4” 7% 414 0.65 25-34” 17-34” 18 28” 2.84 
20 X 20 AGE 6°88” X 618” 74 434 0.67 27-34” 18-34” 20-34” 2.95 
2121 4’ 9” Ga TAO 8 5 0.72 30-34” 20-38” | 22-34 es 3.09 
22X22 50” ek XA A” 814 54 0.74 25-3 16-7 is 17-3 4 3.23 
23 XK 23 DAor Le SX LRT 834 534 0.79 28-Y%e” | 17-3 18-3 3.33 
24 x 24 5.6” 8’ 0” X 8’ 0” 9 534 0.81 poy i a id Ase os ze oe 
, ” 8’ 4” 8’ 4” 916 | 6 6) 85 3 an =‘ it ‘ 
58x36 e or 8’ 8” co" 8” 10” | 6 0.89 36-6” | 24-46” | 25-Yo 3.94 
Superimposed load = 200 lb. per sq. ft. 
C t Round steel rods in each band 
ncrete . 
Panel | Capital Si f Depth , Depth rt apn abe 5 Sec! in 
aa diavoe oe meet of slab of drop feet per us per 
(feet) eter 1 ca (inches) | (inches) aq. ft. | Direct sore Dincoual q. ft. 
| < 
| = Mien 
f (ay aA”, 1 33 0.56 21-34” 13-34” 14-34” 2.74 
were | aes | cemse | ug | ae | og lari: fame |e | an 
, y , 27- pera} 8 ' 
13x18 | 470% | 6! 07 <6! 0” 7 444 0.62 | 27-36, 26” ws 
, , yf 1-3 21-% 22-34 3.47 
195< 19) |) 4/3” 6’ 4” X 6’ 4” 7% 479 0.67 Sis Mean ee eS Pe Pe Be 
20 X20 4’ 6” 6’ 8” X 6’ 8” 8 434 0.72 aa Aer 7-440" as ar 
Pie 40 || 710" ¢7".0" 84 514 0.76 a 6 OI eat se aes oe 
rata hi cf us 0.80 28-Yo 18-6 20 3.66 
2222 | 5°0" | 7° 4"X7' 4" 9 534 = ie” | 20-Ho" 
Beebe | cases | ae | so | oe ae aes ache) ee 
DES OVNI j y 4 Dee || Brae? | OR Ne 4.18 
25x25 | 5 or | warxe ay | 108 | be | orks | Bose" | Beige” | 20-20" | 410 
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TABLE 12 
FLAT FLAT SLAB FLOORS 
SLABS CHICAGO BUILDING CODE 
INTERIOR SQUARE PANELS 
DROP CONSTRUCTION 
f, =700 for positive moment 
f, =805 for negative moment 
f, =18,000 
n=15 
Superimposed load = 250 lb. per sq. ft. 
(=~ | a Onl ee cae eck eaten: | 
| Gaara Round steel rods in each band | 
Panel | Capital 3 Depth Depth | ; : | Steel in 
size diam- Size of of slab* | of dro in cubic Ib. per 
(feet) eter drop panel (inches) (inches feet ge Across | sq. ft 
v | sq. it. Direct : Diagonal eet 
| | direct | | 
| 
- a ee . i Y 
16X16 BEY 5. AVS A” 634 4\4 0.60 23-34” | 14-36” | 16-3%” 3.03 
17X17 3/9” 5. 876508” 1% 414 0.65 24-34” 17-34” | 18-3” 3.12 
18X18 4’ 0” 6) OFX 6507 734 434 0.69 27-36” 18-34” 19-34” 3.21 
19X19 AGS? 6’ 4” X 6’ 4” 814 5% 0.74 30-34” 20-34” 21-36" 3.33 
20 X 20 4’ 6” 6; 866" 8” 834 544 0.78 25-Ye” | 17-KHo” | 18-Keo” 3.63 
21X21 4’ 9” COLAO” 914 534 0.82 | 27-K%6” | 18-Ke” | 20-K6” Studi 
22 X 22 5.10” VAL ST AL 934 6 0.87 30-746” | 20-%{6” | 21-%6” 3.91 
23 X 23 5! 3” RSS Oe 10344 614 0.92 | 338-K%e” | 22-KWe” | 24-Ho” 4.16 
24 X 24 567 8’ 0” X8’ 0” 1034 634 0.96 37-He” | 24-Ke” 25-6” 4.31 
25X25 5’ 9” 8’ 4” x8! 4” 114% 1% 1.03 39-146” | 25-Y%6” | 27-Ko” 4.41 
26 X 26 6.07 8’ 8” X8' 8” 12 749 1.08 42-46” | 28-%6” | 30-Ke” 4.63 
fe —_ - oa 
Superimposed load = 300 lb. per sq. ft. 
. Goncras Round steel rods in each band | 
Panel | Capital inert Depth Depth re ee | Steel in 
size diam- | of slab of drop lb. per 
(feet) eter drop panel (inches) | (inches) pe ee Direct al Across | p; 1, 84 Mt 
. ats irec “a iagona \ ie 
direct g 
| 
16X16 3tOe BU 45a 714 4 | —3¢" _3z7 | gen 
WX t7|) 309% || 6! 8750508” a asf 0.73 37-80” i7-3¢” 13-36" 3.28 
isXis | 4/0" | er orxeor | sy | 534 | 0:77 | 21-6" | 14-467 | 16-Her | 3.49 
19X19 | 4’°3” | 6’ 4”x6' 4” 9 51s 0.81 | 24-246" | 16-246" | 17-746” | 3.66 
20 X 20 ae 6" 6" 8° Xx 6" 8” 914 6 0.85 27-Ke” | 18-NYe” | 19-He” 3.85 
21X21 4’ 9 1 OL X70 10 64 0.89 | 30-246” | 20-46” | 21-46” 4.09 
22 X 22 Oi? | eee Sere oe 1 V4 ” 44 °m | 
oF ” , bes , 4 034 6% 0.94 33-46 21-34 if 22-4 6” | 4.20 
23 X 23 5° 3” ae SES. 11 7 0.99 35-He” | 23-KHe” | 25-He” 4.40 
24X24 | 5'6 8’ 0”x8' 0” | 1134 734 1.05 | 39-246" | 25-240" | 26-470" | 455 
MDE WSO | PIM | TY 734 1.10 | 33-34" | 29-14" _| 93-12% 4.78 
26 X 26 620% SS! x88” 1234 8 1.15 | 35-39” 25-14" 26-14” 5.15 
Superimposed load = 350 Ib. per sa. ft. 
= Round steel rods in -h b 
Panel | Capital Size of Depth Depth ene suas | Steel in 
size diam- ay 1 of slab of drop CORI ioe 
(feet) eter op pane nee A feet per | - per 
(inches) | (inches) ag. ft oo Across | y; i| 8a ft 
. it. ec : | . Tt. 
direct ee 
S : , 4 Mie 
16 16 3! 6” (a We? ‘au > 
17517 | 379” | Br srsco 8” $34 Aa ETO a eer Ma Lae aN 3.20 
18x18 | 4’0” | 6° 0"x<6' 0" = x3 0.76 | 27-3” | 18-34” | 19-34” 3.36 
19x19 | 4/3” 1 4 seer am : b78 0.80 | 23-746" | 15-e” | 16-46” | 3.64 
ue ole 6’ 4” x 6" a 916 6 0.84 25 -%6” | 17-%6” | 18-5” 3.82 
SSH ye a e ee ae toe +t) 0.89 27-Koe” 19-% ” + 20-14 6” Eee 
. 4 22 0.95 31-Y%e” | 20-% @" | 29-%.” : 
22X22 | 5'0" | Wa"x7 4” | 1114 634 roo | see leo 16 4.24 
, , , —+ Ly eet / ay ” 
23x23 | 5/3” | 7 sex7sr | 12 7 1107 | 37-245" | o5-95%" eer | aes 
6 wean rah ive 7 
zines | bo | worxeor | ips | ie | 40 | EAE | Bee ais | ote 
26x26 | 60 | s'e*Xarar | 138% | 83 12a |.aeser | geosee: | eer eee 
Ce re ‘ 
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TABLE 13 


FLAT SLAB FLOORS par 
CHICAGO BUILDING CODE SLABS 
INTERIOR SQUARE PANELS 


CAP CONSTRUCTION 


f.=700 for positive moment 
f, =805 for negative moment 
f,;=18,000 

n=15 


Superimposed load = 100 Ib. per sq. ft. 


c t Round steel rods in each band 
Depth Concrete 


Panel size | Capital in cubic ar as 

(feet) diameter of slab Add’l in each 
(inches) | . Tt. Direct band over 

each column 


Across Diagonal 


None \eo 
RA 


Ne 
1 


SNARES 


N 
rN 


FOCDODOMDOHNING 
ooooococecoo 
WwWwwwwwnhmnwnwndt 


Bee 


Superimposed load = 150 Ib. per sq. ft. 


Round steel rods in each band 


| Concrete li 
Panel size | Capital faites | in eubie Steel in 


(feet) diameter . | Add’l in each 
(inches) Direck band over : Diagonal 
each column ; 


16X16 
WOaiyé 
18X18 
19X19 
20 X 20 
21X21 
22 X 22 
23 X23 
24 X 24 
25X25 
26 X 26 


10-34” 


RROOOOCoCoCoOoO 
PRWWWHWWNNNh 


Superimposed load = 200 Ib. per sq. ft. 


Round steel rods in each band 
Depth Concrete Steel in 
Panel size apepital | of slab a | Add’l in each : 
eet iameter = Aimiene 
(inches) Direct band over 


each column 


Across 


Aicent Diagonal 


11-36” 


Hee ODOCOOCO 
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TABLE 13 


FLAT FLAT SLAB FLOORS 
SLABS CHICAGO BUILDING CODE 
INTERIOR SQUARE PANELS 


CAP CONSTRUCTION 


f, =700 for positive moment 
f, =805 for negative moment 
f,=18,000 

n=I15 


Superimposed load = 250 lb. per sq. ft. 


Cece Round steel rods in each band , 
Panel size | Capital pene in cubic pee pes 
(feet) diameter Gaehes) feet per Add’lin each Meroaes 0 sq. A 
sq. ft. Direct band over direct | Diagonal aT 
each column ; 
16X16 36" 9 0.750 17-34” 11-3%” 12-3,” 12-34” 2.92 
LTA. 3/ 9” 914 0.792 20-34” 13-34” 13-34” 13-34” 3.12 
18X18 4’ 0” 10 0.833 17-6” 11-6” 11-6” 11-656” 3.42 
19x19 4’ 3” 1034 0.896 19-6” 12-6” 13-4 6” 13-6” 3.67 
20 X 20 4’ 6” 114% 0.937 21-46” 14-}¥ 6” 14-46” 14—% 5” 3.86 
21X21 4' 9” 1134 0.979 23-14 6” 15-144” 16-746" Nn 16-04 oe 4.05 
22 X 22 507 1214 1.042 20-14” 13-14” 13-14” 13-14” 4.29 
23 X 23 Saat 1314 1.104 21-14” 14-13" 15=36" | 15-54" | 4.51 
24x 24 Sa6e 14 L167 24-14” 15-14” 16-144” | 16-4” 4.71 
25 X 25 5” 9” 1414 1.208 26-14” 16-14” 17-14” 17-16” 4.91 
26 X 26 6’ 0 15% 1.271 28-14” 18-14” 19-14” | 19-4" | 5.13 
Superimposed load = 300 lb. per sq. ft. 
Round steel rods in each band 
Panel si Capi Depth eae Steel in 
ize Capital ehala ir cubic 1 
(feet) diameter Genes) feet per Add’l in each A Bs fe 
sq. ft. Direct band over pi coes Diagonal eae eT 
each column direct | 
16X16 Bie (i 1014 0.854 18-34” 11--3¢” 12-3” | 12-34” 
17K 17 31.9" ries 0.917 | 15-346" 9.736” 10-126" | 10-t—” | 3:20 
18X18 400” 1134 0.958 17-146” 11-14 6” 11-6” | 11-%{.6” 3.42 
19X19 4’ 3” 1214 1.021 19-146” 12-744” eee || RAG 3.67 
20 X 20 4’ 6” 13 1.083 21-746” 13-6” 14-746” | 14-%5” 3.80 
21X21 4! 9” 134 1.125 23-146” 15-4 6” 16-174 6” 16-6” 4.05 
22 X 22 5° 0% 144% ATV 20-14” 13-14” 13-16” 13-14” 4.27 
23 X 23 5 ou 15 1.250 22-le” 14-16” 14-14” 14-14” 4.47 
24K 24 5! 6” 16 1.333 | 24-147 15-16” 16-14” 16-14” 4.71 
25X25 5’ 9” 17 Peayy 26-14” 16-14” 17-14” 17-14” 4.84 
26 X 26 6’ 0 1734 1.479 28-14” 18-14” | 19-14” | 19-34” 5.13 
Superimposed load = 350 Ib. per sq. ft. 
i } 
Round steel rods in each band 
Concrete 
Panel size | Capital zee in cubic Steel in 
(feet) diameter (ances) feet per ; Add’lin each A Ib. per 
sq.ft. | Direct band over oe | Diagonal sq. ft. 
| each column | irect 
16X16 3’ 6” 1134 0.958 18-34” | 11-34” 12-34” 13-34” 
7x17 | 39" 1234 iba | iste" | 10-92, | doseer | de aeee | ees 
18X18 | 4/0" 13 1.083 | 17-346" 11-346" 11-%40" | 11-342" | 3749 
19x19 4 3 1334 1.146 19-74 6” 12-74 6” 13-77% 13-74 5” 3 ; 67 
20 X 20 anon 1445 1.208 | 21-346” 14-74 6” 14-146" | b4-145” | 3.86 
21X21 4/9" 1534 1.271 | 23-346” 15-74 6” 16-46” | 16-346” | 4.05 
22 X 22 5’ OF 1644 1.354 20-14” 13-14” 13-14” 13-14” 4.29 
23 X 23 5’ 3 174 1.437 22-14” 14-14” 14-16” 14-14” 4.47 
24 24 5’ 6” 1814 1o2T 23-14” 15-14” 16— gn 16-4” 4 ; 64 
25 X 25 5 9” 19 1.583 26-14” 17-14” Ufa 17-14" 4.91 
26X26 . 6’ 0 20 1.667 28-14” 18-19” 19-14” 19-14” 5. 13 
{ 
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SECTION 3 
RECTANGULAR BEAMS 
Table 14 and Diagram 18 may be used in the design of rectangular beams. Dia- 
gram 18 may also be employed to determine the safe resisting moment of a given beam 
and the greatest unit stresses due to a given bending moment. 
Example of Design of Rectangular Beam 


Design a simply supported rectangular beam to carry a total load of 3000 lb. per ft. on 
a span of 20 ft.; f. = 650; f. = 16,000; n = 15. 
Reading from the intersection of lines representing f, = 650 and f, = 16,000 in 


: ifr M 
Diagram 18, it is found that 75, = 107.5 and 7 = 0.875 (Table 14 gives values of 


bd? 
107.7 and 0.874 respectively). 
wl? _ (3000) (20)? 


WV = 8 8 (12) = 1,800,000 in.-lb. 
M 
On ne G4 
bd 107.5 16,750 
Assuming b = 14in. d = 34.5 in. 
A; ns ae = 3.73 sq. in. 


~ fjd ~ (16,000) (0.875) (34.5) 
or A, = (0.0077) (14) (34.5) = 3.72 sq. in. 
From Table 15 which gives areas and perimeters of combinations of four rods, we 
find that the area of three 11¢-in. and one 1-in. round rods is 3.77 sq. in. 
To make a complete design, the bond stress and shearing stress should also be 
investigated. 


Reviewing Design of Rectangular Beam 


Given a beam 12 in. wide, 30 in. deep to steel, reinforced with four 1-in. round rods 
and subjected to a bending moment of 1,500,000 in.-lb. Find the unit stresses in the 
steel and concrete. n = 15. 

; M 1,500,000 
bd? (12) (30)? 

¢ Bie eee! 

A Sd RNG0) 


= 139 


= 0.0087 


From Diagram 18 


fe = 805 and f, = 18,200 


Using Diagrams for Rectangular Beams One Inch Wide 


9 


Design a rectangular beam to resist a moment of 1,000,000 in.-lb., assuming f. = 750 
and f, = 18,000. . 
Taking b = 12 in., the bending moment per inch of width is 


Se = 83,333 in.-lb. 
-Then from Diagram 24 


d = 26in. and A, = (12)(0.204) = 2.448 sq. in. 
47 


RECTANGULAR BEAMS 


Finding Points to Bend Horizontal Steel 


Diagram 25 is for use in determining the points at which horizontal steel in beams 
or slabs can be bent so that the steel remaining will not be less than that required to 
take the bending moment. The curves in the lower left hand corner are maximum 
bending moment curves for the center and supports of beams for different conditions of 
loading and restraint. They give the proportion of the steel required at different 
points along the beam from support to center. 

How far from the support of a simple beam of 20-ft. span, uniformly loaded, can four 
tenths (0.4) of the steel be bent up? 

Using the scale which reads up from the bottom, enter at 0.4 and follow hori- 
zontally to the curve marked ‘uniform load, simple span, bottom steel.’”’ The bend 
point is shown to be 0.183 of the span length from the support. Following up to the 
line for a 20-ft. span and then horizontally to the right hand scale, this distance is 
‘found to be 44 in. from the support. 


TABLE 14 


RECTANGULAR 
BEAMS 


VALUES OF k, j, p AND K 


Peni. pee puke = _ pry afk 
f,+nf, 3 of, ba2 : 2 
500 | 0.300 | 0.900 | 0.0054 67.5 500 | 0.261 | 0.913| 0.0038 | 59.6 
550 | 0.320] 0.893 | 0.0063 73.7 550 | 0.280 | 0.907] 0.0045] 69.4 
600 | 0.340] 0.887 | 0.0073 | 90.5 600 | 0.298 | 0.901] 0.0053} 80.5 
650 | 0.358 | 0.881 | 0.0083 | 102°5 ak 650 | 0.315 | 0.895 | 0.0060! 91.6 
14,00 ; 
“ 700 | 0.375 | 0.875| 0.0094 | 114.8 700 | 0.331] 0.890 | 0.0068 | 103.1 
750 | 0.391 | 0.870] 0.0105 | 127/6 || 750 | 0.346 | 0.885 | 0.0076 114.7 
800 | 0.407 | 0.864} 0.0116 | 140.6 800 | 0.361 | 0.880] 0.0085] 127.1 
850 | 0.421! 0.860] 0.0128! 154.0 850 | 0.375 | 0.875 | 0.0094 |' 139.5 
900 | 0.435 | 0.855 | 0.0140 | 167.4 900 | 0.389 | 0.870! 0.0103 | 152.2 
500 | 0.286] 0.905| 0.0048 | 64.7 | 500 | 0.250] 0.917] 0.0035 | 57.2 
550 | 0.306] 0.898 | 0.0056| 75.5 550 | 0.268] 0.911] 0.0041 67.2 
600 | 0.324] 0.892] 0.0065 | 986.7 600 | 0.286 | 0.905 | 0.0048 | 77.6 
650 | 0.342 | 0.887] 0.0074 98.6 ane 650 | 0.302] 0.899] 0.0055] 988.4 
ann 0.359 | 0.880} 0.0084} 110.4 ; 700 | 0.318} 0.894] 0.0062] 99.6 
| 720 ; 5 5 ss9 | 0.0069 | 111.1 
750 | 0.375 | 0.875 | 0.0094 | 123.4 750 |. 0.333 | 0. : : 
800 | 0.390] 0.870] 0.0104] 135.7 800 | 0.348 | 0.884] 0.0077] 123.0 
850 | 0.405 | 0.865] 0.0115] 149.2 850 | 0.362] 0.879 | 0.0085] 135.2 
900 | 0.418 | 0.861 | 0.0125 | 162.0 900 | 0.375 | 0.875 | 0.0094 | 147.7 
eS Se eta ee ee eee 
300 0.310 0807 0.0058 83.5 600 | 0.265} 0.912] 0.0040 72.8 
| 650 | 0.328] 0.891 | 0.0067 94.9 ae. 650 | 0.281] 0.906 | 0.0046] 82. 
16,000 | - 2 | \ ; 
| 750 | 0:360| 0:880| o.ooss | 118.8 750 | 0:310| 0/807 | 0.0088 | 104.3 
750 : ; : ; eo. : 
a] Gag) o-arg) Sores] Hees] | BS) Sasa] Sass | ames | ue 
850 “389 5 : & ‘3 27. 
900} 0.403] 0.866] 0.0113] 157.0 900 | 0.351 | 0.883 | 0.0079 | 139.4 
n= 15 
Pp K 
fs te k Zt Pp re ts te k #4) 
; | | .306 | 0.898 | 0.0045 68.7 
250 0.371 Oc8F6 0 0073 50.4 250 0.397 0.891 0 0053 80 H 
) : ; : : 0.885 
Ge nae icone caine e50 0 365 0.878 | 0.0070] 104.2 
650 | 0.411 | 0.863] 0.0095| 115.2 ae 
EenO8 5 Op: Patan 0.873 | 0.0079 | 116.7 
Os Darcie marisa ie ets lies | 730 0 308 0.866 | 0.0088] 129.2 
pte ton acy | co. hice 136.3 | 300 | 0.414] 0.862] 0.0097] 142.7 
$50 0 477 0.841 0 0183 170.4 || 850| 0.429} 0.857] 0 0107 155 9 
: - Bell ‘ 5 11 169 
900 | 0.491 | 0.836} 0.0158 | 184.8 900} 0.443] 0.853] 0.0 
294 | 0.902 | 0.0041 66.3 
ea eee) econ | 10: once 56.4 350 Oc8id 0.895 | 0.0048 77.4 
600 0 372 0.876 0 Dore 98.4 || 600 | 0.333] 0.889 0 0056 38 9 
oe Bon ee ‘ 0.883 006: 
650! 0.394 | 0.869] 0.0085 | 111.3 fs 650 | 0.351 
ue 368 | 0.877] 0.0072] 113.1 
Son ei eco | 26 o108 137.6 | +80 0 385 | 0.872 | 0.0080] 125.7 
Dl tgaee | Oceeeh 000118 | 181-2 ll 800 | 0.400] 0.867] 0.0089] 138.7 
3°0 0.460 0 817 0 0130 165.1 | 850] 0.415] 0.862 0 0098 151 9 
3 ; ‘ ; » 857 
300 0.474 | 0.842] 0.0142 | 179.5 || 900 | 0.429] 0.85 zs 
| 500 | 0.273] 0.909 0.003 6 
Poa a sag. weer | 8 0088 §5'9 550 | 0.292] 0.903} 0.0040] 72.5 
800 | 0.360 | 0.880 | 0.0008 | 95.0 | 600 | 0.310) 0.897 | 0.0047 | 83.5 
: : 328 ‘ BE 
650 | 0.379 | 0.874] 0.0077 | 107.7 || rane 650] 0 aaa ieee 
000 0.344 | 0.885 
Ss OU a eA i et 7901 0.360 | 0:880| 0.0068 | 118:8 
Bere ee ocee |g olor | 146.8 800 | 0.375 | 0.875| 0.0075| 131.2 
Spl cage | 0.862 0.0118 | 160.6 850 | 0.389 | 0.870 | 0.0083 | 144.0 
0.443 ; ; : cearns 
900 0.458 | 0.847 | 0.0129 | 174.5 900} 0.403} 0 
ee ee ed 
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DIAGRAM 18 


RECTANGULAR 


BEAMS 


VALUES OF k, j, p AND K 


n=15 
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DIAGRAM 19 


RECTANGULAR 
BEAMS 
\ 
MOMENT OF RESISTANCE AND AREA OF STEEL f, =650 
FOR f, = 16,000 
BEAMS ONE INCH WIDE n=15 
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DIAGRAM 20 


RECTANGULAR 
BEAMS 
f, =650 MOMENT OF RESISTANCE AND AREA OF STEEL 
f, =18,000 FOR 
n=15 BEAMS ONE INCH WIDE 
| 
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NIAGRAM 21 


RECTANGULAR 
BEAMS 
MOMENT OF RESISTANCE AND AREA OF STEEL tf, =700 
FOR f, = 16,000 
BEAMS ONE INCH WIDE nm—15 
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ty 
a 2) 
Y 22 
Ry 
(2) 
Q 
29 
| 
8&0 
re) 
1 
£ ae a 
re) t 
9 a 
c o Z% 
Dl60 CI 
or 
4) 
@) 
ie 
+ 20 
£ = 
es 
v \2 
El, 
Oo 
> Ber 
\o ites Cc 
SIG, L cee ae 
‘A F SaecRe 
\e zl eee 
Ct Hy t 
Hl me H a she! 
3 \ 1 4 
tH 
© wy xy © a 4 a & m 
eS ES DS a = a B= 


Area of steel in sg. in. 
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RECTANGULAR 


BEAMS 


f, =700 MOMENT OF RESISTANCE AND AREA OF STEEL 
f, = 18,000 FOR 
n=15 BEAMS ONE INCH WIDE 
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DIAGRAM 22 
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IAGRAM 23 


RECTANGULAR 
BEAMS 
MOMENT OF RESISTANCE AND AREA OF STEEL f, =750 
FOR f, = 16,000 
BEAMS ONE INCH WIDE n=15 
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DIAGRAM 24 


Ql-Ul JO SpUDSNOoU, Ul jue 


H [iat 
a cue 
= ACC 
: Poo 
fo) | CoH 
C] co 
< 
a % Lo seers 
2 8 4 co FE 
A H NS HH 
Zz G8 Sue B 
a 7 SS KCC 
axe i oe a 
EAC eal HH NS HH 
az Fe Post 
roe. CPSs + 
eat 2 iS 
ep) = a N A 
ie) WS 
< ims 
sae Es SS 
sae HH SSN 
= cH ES 
Zz, 
a 
= - ue 
Bg cities S 
z= casei 
a faa} S es 
(S) SS 
a S 
4 <8 


f =750 


f, 
n 


DIAGRAM 25 


RECTANGULAR 


BEAMS 


DIAGRAM FOR LOCATING POINTS 
TO BEND HORIZONTAL STEEL 
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TABLE 15 


RECTANGULAR 


BEAMS 


AREAS AND PERIMETERS 
OF 
COMBINATIONS OF FOUR RODS 


Square rods Number and size | Round rods 
e — ——|| — 
Perimeter Z Z {| Area Perimeter 

ak (in.) 46 | | 4% | % Lets te (sq. in.) (in.) 
8.0 4 oa, 0.79 6.28 
Hee 8.5 ee 1 | 0.89 6.68 
1.28 9.0 lime) 2 | 1.01 707 
1.31 9.0 3 ie 1 | 1.03 7.07 
1.42 9.5 1 3 1.12 7.46 
oe 9.5 3 ae i 1.19 7.46 
136 10.0 x 4 <a 1228 785 
1.63 10.0 2 - 2 LE 785 
1.73 10.5 af 3 1 1.36 8.25 
1.91 11.0 2 2 1.50 8.64 
1.94 11.0 3 ae 1 1.52 8.64 
1.94 11.0 1 ce 3 ae 1.52 864 
2.03 11.0 2 as <n 2 1.60 864 
2.08 11.5 i 1 3 1.63 9.03 
2.17 11.5 3 Bs 1 5 | Feed 903 
2.25 10) 2. 4 fs || eens, 9.43 
DSi 12,0) 2 oat 2 Me | 1282 9 43 
2.45 12.5 o 3 1 ms 1.93 9.82 
2.55 12.5 1 ina 3 = 2.00 9.82 
2.66 13.0 2 2 ie 2.09 10.21 
2.69 13.0 1 ge ll be suai 10.21 
2.69 13.0 m 3 Bos ie | Ott 10.21 
2.78 13.0 2 ms oe 2 | 2118 10.21 
2.86 13.5 = 1 3 oe / 2.24 10.60 
2.95 13.5 3 « 1 | 2.32 10.60 
3.06 14.0 4 4 9. 2.41 11.00 
Beis 14.0 2 re 2 2.45 11.00 
3.30 14.5 be 3 1 || 2.59 11 39 
3.39 14.5 1 rs 3 | 2.66 11.39 
3.53 15.0 2 ie | ay 1LS7S 
3.56 15.0 1 a 3 es 2.80 Rees 
3.55 15.0 - 3 a 1 | 2.80 ThATS 
3.66 15:0 2 dese 2 Pi 117s 
O77 15.5 eS Be 2.96 Teale 
3.86 15.5 3 al 1 | 3.03 1G; 
4.00 16.0 - we 4 Be 3.14 12.56 
4.06 16.0 x: 2 oe 3 3.19 12.56 
4.27 16.5 ie Me 3 1 3.35 12.96 
4.36 16.5 1 a 3 | 3.42 12.96 
4.53 17.0 - 2 2 3.56 13°35 

| 
4.56 17.0 on So tle 1 ii SRE 13.35 
4.56 17.0 1 pie ater Ball 3.58 13.35 
4.66 17.0 2 a a | 3.66 13.35 
4.80 17.5 ae 1 3 SET 13.74 
5.06 18.0 | 4 3.98 14.14 
| 

5.13 18.0 we 2 ae 2 4.02 14.14 
5.36 18.5 a ih hts 1 | 4.21 14.53 
Seb 18.5 | 1 aes 3 |i 4.28 1453 
5.66 19.0 ae 2 2 4.44 14.92 
5.69 19.0 | 1 | Saal) 4.47 14.92 
5.95 19.5 Pe 3 | 4.67 15.32 
6.25 20. | 4 4.91 T5071 


58 


TABLE 16 


RECTANGULAR 


BEAMS 


AREAS AND PERIMETERS 
OF 
COMBINATIONS OF SIX RODS 


Square rods Number and size Round rods Square rods || Number and size Round rods 
Area | Perim-|! . Area | Perim- |} Area | Perim- Area | Perim- 
(sa. eter || 56/34) 76 | 1 |136|134|| (sq. eter || (sq. | eter |/56/34/ 24 | 1 |1}<]114]| Ga. | eter 
in.) | Gn.) | in.) | Gn.) |} in.) | Gn.) eye Gas 
2.34 15.0 Gl. 1,84 | 11-78 W-5<-39 22.5 5 ia ab 4.23 10. 67 
2.52 15.2 5) 1 POS) } W251 o.48 QAO! Milica ele i 3 j| 4.3) 47.167 
2.69 16.0 cee ee ite eae Os 2S Oot ow 2 ce at || 4.384 | 18.07 
PA fe 16.0 Sel 2.14 | 12.57 5.56 23.0 i Bega ea 4.37 | 18.07 
2.86 16.5 Sis 2.25 | 12.96 | 5.59 23.0 4 2 4.39 | 18.07 
2.95 16.5 5]. 1 2.32 | 12.969) 5.77 23.5 Pes 4.53 | 18.46 
Svs 17.0 2| 4 2.38 | 13.35 i] 6.00 24.0 6 4.71 | 18.85 
3.09 1g) AVN 2) 2.43 | 13.35 |] 6.09 24.0 3 ¢ 3 4.79 | 18.85 
3.20 LES i | 2.52 | 13.74 || 6.19 24.0 2 ah al 4.86 | 18.85 
3.38 18.0 6 | 2.65 | 14.14 || 6.19 24.0 4 wiies 2 4.86 | 18.85 
3.47 18.0 Steal 3 =| 2.72 | 14.14-)) 6.27 24.5 & al 4.92 | 19.24 
BOO: 18.0 AY. 2 || 2.80 | 14.14 |] 6.53 25.0 4} 2 5.13 | 19.64 
SOS 18.5 | 5 | 2.81 | 14.53 || 6.56 25:10 wel 2O i 5,15 | 19.64 
3. 78 19.0 | 4! 2 || 2.97 | 14.92 |] 6.59 2520 2 Pate: 5.18 | 19 64 
3.81 19120; |) 5: 1 2.99 | 14.92 || 6.80 25.5: || Sane 5.34 | 20.03 
3.84 19.0 2|..| 4 -|| 3.02 | 14.92 || 6.89 25.05 1 shee 5.41 1-20.08 
3.98 19.5 ate NeSetsy | 15-32) 6.98 25.5 3 eycdlimecees ac 5.48 | 20.03 
4.08 19.5 | sf 5 1 -| S220 |} $5.32 9 7206 26.0 2|4 ~.|(.3.58 | 2042 
4.17 LOCO RS eee ofS So Lasoo mag 26.0 1 Sait BY 5.57 | 20.42 
4.19 20.0 2.4 So Bonde | aenls 26.0 4 2 5.60 | 20.42 
BoD, 20.0 1 eo Roe ton al Nees 26,5 LED: 5.46) | 20E80 
4,25 2OLO8 iiss 2 3.5% | 15.71 7.59. 27 0 6 5.96 | 21720 
4.39 DOr soi ule 3.45 | 16.10 || 7.69 27.0 Siew 3 6.04 | 21.20 
4.59 PANTY) 6 oe 3.61 | 16.49 || 7.78 27.0) 2 A ae) A Grn 2120) 
4.69 21.0 3 3 || 3.68 | 16.49 |] 7.89 27.5 died 6.19 | 21.60 
ZEUS 21.0 2) 4 3.76 | 16.49 |] 8.19 28.0 cies en ee 6.43 | 21.99 
4.78 21.30 4 Sule 3.76 | 16.49 |] 8.25 28.0 2 Be 4 6.48 | 21.99 
4.83 oes Fed 3.79 | 16.89 || 8.48 28.5 Kes @) | 3) 6.66 | 22.38 
5.06 22.0 4/2 3.98 | 17.28 || 8.58 28.5 1 Palo: 6.74 | 22.38 
5.09 22.0 5 ft 400) 17228 8. 78 29.0 2),4 6.90 322.78 
De be. SRE A eect, <-at) nell onl SOS a Live) I 8.81 29.0 1 5 6.92 | 22.78 
5.30 DOO eralssesL Oeil wel eerie tO Oe NOL 0S 29.5 Le “NO Zoek 
5.39 DOD dite) call so Ale Ae coy. 267) sO 3s 30.0 | 6 | 7.36: || 23.56 


TABLE 17 


RECTANGULAR 


BEAMS 


AREAS AND PERIMETERS 
OF 
COMBINATIONS OF EIGHT RODS 


| 
Square rods Number and size Round rods Square rods || Number and size | Round rods 
ee i 2 - 
Area | Perim- Area | Perim-|| Area | Perim- | | Area | Perim- 
(sq. eter 34 | 2g | 1 1136)114]| (sa. eter (sq. eter || 34 | 3g | 1 |134]1}4!| (sa. eter 
in.) (in.) in.) in.) (in.) 
4.50 24.0 8 3.53 | 18.85 || 8.12 32.0 4 | os 6.38 | 25.14 
4.70 24.5 oe 3.69 | 19.24 || 8.27 32.5 Site tee 6.49 | 25.53 
4.91 25.0 6 2 3.85 | 19. 64 |} 8. 52 32.5 5 | te 3 || 6.69 | 25.53 
4.94 25.0 7 1 3.88 | 19. 64 || 8.53 33.0 ae wont 6.70 | 25.92 
5.11 25.5 5 3 4.01 | 20.03 || 8.56 33.0 ore £ 6.72 | 25.92 
5.20 25.5 Chas coarana ees 4 ae 4.09 | 20.03 |; 8.62 33.0 net Soelfe wef 6.77 | 25.92 
5.31 26.0 4 cer Wea 4.17 | 20.40 || 8.72 33.0 2 =| 6 6.85 | 25.92 
5. 38 26.0. | ae jes 4.22 | 20.40}) 8.80 33.5 5 | 3 6.91 | 26.31 
5. 52 26.5 3 lies - 4.33 | 20.81 || 9.06 34.0 cori Eee || 7.12 | 26.70 
Sea 27.0 2 Omi Peow 4.49 | 21.20 ||} 9.12 34.0 Pa eal 6 7-17 | 26.70 
5.81 | 27.0 || 5 Sle 4.57 | 21.20 || 9.13 | 34.0 PO. jl.) Seere 4 cane 
CMO Tea .ON eG 2 4.64 | 21.20]19.31 |] 34.0 40 ..| 4 || 7.31 | 26.70 
GO Ab Ciesla tt) ali arp 4.65 | 21.60 ]|9.33 | 34.5 | 3] °5 |<: ]) yaa evese 
6.12 28.0 ee 8 4.81 | 21.99 || 9.42 34.5 1 7 7.40 | 27.10 
6.25 28.0 4 4 4.91 | 21.99 || 9.59 35.0 216 |} 7.53 | 27.49 
6.36 28.5 ze AB! 4.99 |°22.38 || 9.62 35.0 1 12 | cll Cape ie ew eto 
6.59 29.0 we 6 | 2 OS 1225.08 || 9. 69 35.0 Oo ce Sl CaCl 2443: 
6.61 28.5 (Om 38g 5.19 | 22.38 ]| 9.86 35.5 et) aed ee SSS: 
6.62 29.0 ce (olen OL 5.20 | 22.78 |}/10.11 35.5 3 -«| & f) 7294 27288 
6.69 29.0 3 5 5.25 | 22.78 10.12 36.0 | 8 || 7.95 | 28.28 
6.83 29.5 5 | 3 5.36 | 23.17 [10.25 36.0 4 4 | 8.05 28.28 
6 92 29.5 7 1 5.44 | 23.17]/10. 42 36.5 7 | Tj] 8.19 | 28.67 
7.06 30.0 eRe ed as 5.55 | 23.56}/10. 7: 37.0 ..| 6| 2.1] §. 42 | 29006 
Cal2 SOON cr. 6 2 5.60 | 23.56/10. 81 37.0 3 5 || 8.49 | 29.06 
es 30.0 2 6 5.60 | 23.56 ]/10.91 37.0 2 6 || 8.56 | 29.06 
eX. | Se GM a ly we ss 5.73 | 23.96]]11.02 | 37.5 | | 21551 s A euenaleco mtn 
7.31 30.0 Beer 4 5.74 | 23.56 }/11.31 38.0 4 | 4 || 8.88 | 29.85 
7.53 31.0 216 5.91 | 24.35]/11.38 38.0 2) .-| 6 || 8.93 | 29785 
7.56 31.0 1 sl oecneat Per A 5.94 | 24.35 |111.61 38.5 3 | 5 || 9.12 | 30.24 
7363 31.0 5 3 5.99 | 24.35 {11.70 38.5 it 7 9.19 |} 30.24 
7.72 31.0 Ora | ete eh OnOGn | 2aes ott te OF. 39.0 2 | 6 || 9.35 | 30.63 } 
Chait be 31.5 US | ee 6.10 | 24.74 }]11.94 39.0 1 1 t APORstales Ores 
8.00 32.0 wun of Sey." 6.28 | 25.14 [112.20 39.5 1 | 7 19.58) 31502 
8.02 31.5 Salven 5 6.30 | 24.74 ]12.50 40.0 -| 8 || 9.82. | 3842 
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TABLE 18 


, RECTANGULAR 
BEAMS 


AREAS AND PERIMETERS 
OF 
GROUPS OF RODS OF UNIFORM SIZE 


Size of rods 


4 % 4 34 34 1% 1 1 14 134 


0.0625) 0.1406) 0.2500) 0.3906 | 0.5625 | 0.7656 | 1.000 1.266 1.563 1.891 
1.0 1.5 2.0 2.5 3.0 3. 5.5 


0.1250) 0.2812) 0.5000) 0.7812 | 1.125 1.531 2.000 2.531 3.125 3.781 
2.0 3.0 4.0 5.0 0 : ; : : 


7 
0.1875) 0.4218) 0.7500) 1.172 1.688 2.29 
3.90 4.5 6.0 7.5 920 10 


0.2500) 0.5624} 1.000 | 1.563 | 2. 
4.0 6.0 8.0 : 


0.3125) 0.7030) 1.250 | 1.953 2.813 3.828 5.000 6.328 7.813 9.453 
5.0 7.5 : : : 5 22. ) : 


Square rods 


0.3750) 0.8436) 1.500 | 2.344 3.375 4.594 6.000 ae ae 9.375 |11.34 
6.0 9.0 ; ; : ; 30. : 


0.4375) 0.9842) 1.750 | 2.734 3.938 5.359 7.000 8.859 110.94 13.23 
7.0 10.5 14.0 17.5 21.0 24.5 28.0 31.5 35.0 38.5 


0.5000) 1.125 | 2.000 | 3.125 4.500 6.125 8.000 |10.12 12.50 15.12 
8.0 12.0 16.0 20.0 24.0 28.0 32.0 3 40.0 44.0 
0.5625) 1.265 | 2.250 | 3.516 5.063 6.890 9.000 j11.39 14.06 17.02 
9.0 13.5 18.0 | 22.5 27.0 31.5 36.0 40.5 45.0 49.5 
0.6250) 1.406 | 2.500 | 3.906 5.625 7.656 {10.00 12.66 15.63 18.91 
10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0 55.0 
0.0491} 0.1105] 0.1964! 0.3068 | 0.4418 | 0.6013 | 0.7854 | 0 9940 | 1.227 1.485 
0.785 aE Ss ea GE 1.96 2.35 2.75 3.14 3.53 3.93 4.32 
0.0982} 0.2209) 0.3927 0.6136 | 0.8836 | 1.203 1.571 1.988 2.454 2.970 
1.57 2.36 3.14 3.93 4 71 5 50 6.28 TOT 7.85 8.64 
0.1473] 0.3313) 0.5890, 0.9204 | 1.325 | 1.804 2.356 2.982 3.681 4.455 
| 2.36 3.53 4 71 5.89 2207 St "8 26 9 43 10.6 11.8 i3.0 
O 1964) 0.4418] 0.7854, 1.227 1.767 2.405 3.142 3.976 4.908 5.940 
' 3.14 4.71 6.28 7.85 9.42 11.0 12.6 14.1 15.7 17.3 
| | 
aS 0.2455] 0.5522) 0.9817| 1.534 2.209 3.006 3.927 4.970 6.1385 7.425 
© 3.93 5.89 7.85 9 82 11.8 13.7 15.7 17.7 19.6 21.6 
= 0.2946] 0.6627) 1.178 | 1.841 2.651 3.608 4.712 5.964 | 7.3862 8.910 
5 4.71 OF 9.43 11.8 14.1 TGs 18.9 21.2 23.6 25.9 
fan} | | ee. 
0.3437] 0.7731] 1.374 | 2.148 3.093 4.209 5.498 6.958 8.589 |10.39 
5.50 8.25 af0) |) 187) 6 26..5 19.2 22.0 24.7 27.5 30.2 
| 0.3928 0.8836] 1.571 | 2.454 | 3.534 4.810 6.283 7.952 9.816 /11.88 
| 6.28 9.42 12.6 15.7 18.8 22.0 | 25.1 28.3 31.4 34.6 
| 0.4419} 0.9940] 1.767 | 2.761 3.976 5.412 7.069 8.946 /11.04 [13.3 
7.07 10.6 14.1 17.7 21.2 24.7 28.3 31.8 35.3 38.9 
0.4910) 1.105 | 1.964 | 3.068 4.418 6.013 7.854 9.940 12.27 14.85 
7.85 11.8 15.7 19.6 23.6 27.5 31.4 35.3 39.3 43.2 


RECTANGULAR 


BEAMS 


Size (inches) 


AREAS, PERIMETERS AND WEIGHTS OF RODS 


Round rods 


Square rods 


TABLE 19 


Area 
(square 
inches) 


Perimeter 
(inches) 


Weight _ Area 
per foot _ (square 
(pounds) | inches) 


| Tat h 
Perimeter bes : 
(inches) eae 
(pounds) 


aie) (=) 


Severe) 


—_-eS COO 


. 1963 
2485 
. 3068 
.3712 


.4418 
.5185 
.6013 


6903 


7854 
. 9940 
2272 


4849 


Dow bw bw NOR ee 


Bw w w 


571 
. 767 
. 964 
. 160 


.306 
553 
749 
.945 


. 142 
034 
.927 
.320 


ere COO 


LOE NO a os 


or Ww hy 


Bee ee 


SiS) 


Spe) t} 


2500 
3164 


3906 
4727 


5625 


. 6602 
. 7656 
.8789 


.0000 
. 2656 
. 5625 
.8906 


Ov He 


ou 


bS bh WS bd a 


WWW Ww 


INO OD 


00 0.850 
25 1.076 
50 1.328 
75 1.608 
00 TOUS 
25 2.245 
50 2.603 
75 2.989 
00 3.400 
50 | 4.808 
00 5.312 
50 6.428 


Se eee ees TS ee 


SECTION 4 
DOUBLY REINFORCED BEAMS 


Diagrams 26 to 30 inclusive are particularly useful in checking the supports of con- 
/ 


tinuous T-beams when the value of qs approximately 149. The results are on the 


; Ges ; M ; 
safe side when qs less than 149. For different values of ba? they give directly the 


amounts of compressive and tensile steel required. 
When the value of = does not approximate 40, the formulas given below may 


be used. These are based on the fundamental fact that for any given values of 
fc and f., k has exactly the same value regardless of the shape or type of beam. It 
follows from this that if steel is added to the section without changing the extreme 
fiber stresses, this added tensile and compressive steel must form a balanced couple 
whose stresses conform to the stresses already in the section. 


Let p. = steel ratio for the beam without compressive steel. 
p2 = steel ratio for the added tensile steel. 
Pf = Pi + Pr 
p’ = steel ratio for compressive steel. 
M, = moment of the beam without compressive steel. 
M» = moment of the added steel couple. 
M=M,+M, 


Then 
= ue = 
eee 
Nhe 
ny x Leh 
Pi ay, 
M, = fspi (1 — 4 bd? 
M, = M — M, 
M, 
P2 = dl! 
he (1 _ a Z 
p=prit Pr 
fa a) 1 za h 
es eee 
d 


Diagram 31 is of general use. By means of this diagram and Table 20 it is possible 
to readily determine the stresses in the concrete and steel of a doubly reinforced 
rectangular beam for a given bending moment. 

Diagram 32 is used to determine the length of embedment necessary to develop the 
actual compressive stress in the rods in the bottom of a continuous T-beam at the 
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DOUBLY REINFORCED BEAMS 
supports. The upper part of the diagram is general, and may be used to find length 
of embedment to provide for bond when the stress is the steel is either tension or 


compression. 


Finding Percentages of Tensile and Compressive Steel 


M 
What percentages of tensile and compressive steel will be required when 5 Pie 200, 
d’ 
if f- is not to exceed 750 and f, is not to exceed 18,000? 2 =0.10: nm = 165. 
M 
From Diagram 28 we find that for f. = 750, f, = 18,000, and ;~, = 200 


bd 
p = 0.0127 and p’ = 0.010 
If p should be increased to - 0143, f, will be lowered to 16,000 and p’ to 0.0086. 
Given: b = 12 in., d = 18 in, 2 = 0.15, M = 750,000 in.-lb., f. = 750 and f, = 


16,000, n = 15. Determine the required percentages of tensile aud compressive sieel. 


From Table 14, 
k = 0.413 p: = 0.0097, and K = 133.5 
(133.5) (12) (18)? = 519,000 in.-lb. 
750,000 — 519,000 = 231,000 in.-Ib. 
231,000 


zs 
od 


P2 = 76,000) (0.85) (12)(18)2 ~ 20044 
we Te O43 iS 
p’ = (0.0044) eee . sa3) = 0.0097 


Finding Length of Embedment of Compressive Steel 


Given a continuous beam reinforced with 1-in. rods (either square or round) in com- 
. d’ 
pression so that f. = 750; fs = 16,000; a 0.10; n = 15; wu = 80. Find required 


length of embedment of compressive steel. 

From the lower part of Diagram 32, the compressive stress f,’ is found to be 8540 Ib. 
per sq. in. The upper diagram shows the length of embedment for 1-in. plain rods, 
with wu = 80, to be 2614 in. 


Finding Stresses in Concrete and Steel 


A continuous T-beam, uniformly loaded, has a bending moment at the center of each 
span of 356,300 in.-lb. Negative bending moment at the supports and the positive bending 


moment at the center of span are figured by the formula, M = ae The tensile steel at the 
center of span consists of four 34-in. round bars. b’ =10in. d = 15 in. Design 


the supports. 

At the supports the flange of the T-beam, being in tension, is neolinbie and the 
T-beam changes into a rectangular beam Aas steel in top and bottom. Two of the 
tension bars on each side of the supports will be bent up and made to lap over the top 
of the supports, while the other two bars on each side will be continued straight and 
lapped over supports at the bottom of beam. 
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DOUBLY REINFORCED BEAMS 


The ratios of steel in tension and compression are the same, and are respectively : 
P eae 


P= P= Goyaey = 0018 
(1.77 in above equation taken from Table 18.) 
d’ 2 F 
ete 0.1383 
From Diagram 31, knowing p’ = p, we obtain 
Cant k= 0.361 
For Fla Oe 0.888 
d’ k = 0.377 
Thus, 
d’ k = 0.372 
For 7 = 0.183...) © g.97g 


(It is usually well eae the precision of the actual work, and on the safe side, to use the 


curves for the value of § — next larger than the actual value. Thus in this problem the 


values of k and j for w = 0.15 could be used with sufficient accuracy.) 
Then 


M 356,300 ie ; 
in = A,ja ~ (77) (0.873) (15) 15,400 lb. per sq. in. 
and, using Table 20, 


The stresses in the concrete and steel are within the allowable and no haunch or 
additional steel is necessary. 
The moment of resistance at the supports may be found as follows: 


fn ar k) = 650 
k 0.0394 


Thus the moment of resistance depends on the steel and 
M, = bd2f.pj = (10) (15)? (16,000) (0.0118) (0.873) = 371,000 in. -lb. 


fs = = 16,500 lb. per sq. in. 
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DIAGRAM 26 


DOUBLY 
REINFORCED 


BEAMS 


DOUBLY REINFORCED RECTANGULAR BEAMS 
VALUES OF Bee 


=” PD, AND p’ f,=650 
a f, = 16,000 
LS f, = 18,000 
d 10 n=15 
fe) S 
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REINFORCED 
BEAMS 
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DIAGRAM 28 


DOUBLY 
REINFORCED 


DOUBLY REINFORCED RECTANGULAR BEAMS 


VALUES OF ™, p, AND p’ f, =750 
_ bd? f, = 16,000 
a_i f, = 18,000 
. d 10 n=15 
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TT eer 
PST eer Te 
PTA eer 
Zaaeae é=2a8P aan 
Darr est 
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_-OSSS Res eaenne 20/2200" —0 80> = a8 8P=s 
eeepeatetsfaotatan =) ist 1 1 7 ee ee ee 
memet het) | PPT er ee eer 
1 02S Ne be Ga 22 aebe lees [Scena ee 
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DIAGRAM 31 
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DOUBLY REINFORCED RECTANGULAR BEAMS 
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TABLE 20 


DOUBLY 
REINFORCED 
BEAMS 
VALUES oF —-“— IN FORMULA f,=—"—-f 
k(1—n) * n(i—k) * 


.0545||0.500/0. 0666 
.0549/0 .502/0.0671 
.0554)0 5040 .0677 
.0558)'0 5506/0 .0682 
.0562| 0.508 0.0688 


ooooo 
SrSrororS 


.0567/0.510 0.0694 
.0571|0.512/0.0699)) 
.0576/0.514 0.0705, 
.0581/0.516.0.0711 
.0586/0.518 0.07170. 
| | 
.0591/0.520 0.0723) 
.0595] 0.522 0.0728 
. 0600) 0.524 0.07330 
.0605) 0.526 0.07390 
-0610)0.528 0.074510 
| | {} 
.0615/0.530 0.0751,0 
.0620)0 .532 0.07570 
.0625/0.534/0.0763)0 
.0630)|0 536 0.0770/0 
0635 in ae 
.0640)/0.540 0.0783)0 
0645 -542/0.0789/0 
.0650/0.544/0.0795)0. 
0656) .546 0.0802 /0 


.0660| 0.548/0.0808 0. 
| | 
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DIAGRAM 32 


DOUBLY 
+ REINFORCED 


BEAMS 


LENGTH OF EMBEDMENT OF RODS IN COMPRESSION 


Length of embedment required 
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SECTION 5 
T-BEAMS 


Diagrams 33 and 34 should be used for designing T-beams when the neutral axis is 
in the stem and when the compression in the stem is to be neglected. The left hand 
: : : M t : , : 
side of the diagram gives the values of bd? fey and ri The right hand side gives values 
of j and p, to be used in finding the area of steel required. 


Diagram 35* is for general use and may be employed either for design or for 
determining stresses in existing designs. 


Design of T-Beams 


Assuming f, = 16,000, f- = 650, n = 15, t = 514 in., and M = 3,000,000 in.-ib., 
find the section of stem required. 

Consider the stem width to be 12 in., and the width of flange as found from the 
Joint Committee recommendations to be 56 in. 


M : : ner 
To obtain the value of a it is necessary to know the value of . Since this is 
M 
unknown it must be assumed. For ‘ = 0.2, Diagram 33 shows ra 87.6, and 
3,000,000 : t 5.5 
== 1 = 24.8 in. and = = ——= = 0.222 
Nope a 


zz, = 94, and 


[3,000 000 _ 4 : Le: 
= d = 23. : =~ = 0.229 
d (56) (94) 3.9 or 24 in. and 7 
The required depth therefore is 24 in. 
aie t ae 
Entering the right hand side of Diagram 33 with Fe 0.229 and K = 93, it is found 
that 7 = 0.902, and 
M 3,000,000 


<= — eee = 8.665 a) - 
As = 574 ~ (46,0003 (0.902) (24) etre 


; #e he 
Diagram 35 may also be used in making this design. The value of q's assumed as 
before. Entering at the lower right hand scale with f, = 16,000, follow vertically to 


fe = 650 and then to the left to ; = 0.23. The percentage of steel is 0.0065. Now 


follow vertically along ‘ = 0.23 to p = 0.0065 in the upper left hand part-of the dia- 

gram. From there follow to the right to f, = 16,000 and then vertically to obtain the 
lue of i 94 

value of p72 = 94. 


3,000,000 
eae [tes == 4 Gn, 
(56) (94) ~ 


A, = pbd = (0.0065) (56)(24) = 8.74 sq. in. 


* From Vol. I of “Bridge Engineering,” by Waddell. 
cee 


T-BEAMS 


Usually the section of the stem of a T-beam is controlled by the shearing stresses. 
The procedure in ordinary building design is to design the stem to take the shear at the 
support and then determine the concrete stress in the, flange at the center of span, 


using the value of ‘ already determined. 


Reviewing T-Beams 


es : M ¢ 
In reviewing a beam already designed, the values of ba? and pareknown. From 
these the value of f, is found from the upper half of Diagram 35. Then using the 


values of 7 p and fs, the value of f- is found from the lower half of this diagram. 
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DIAGRAM 33 


T-BEAMS 
DESIGN OF T-BEAMS 
se Mt f, = 16,000 
VALUES OF 5p fos p, AND j ee) 
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DIAGRAM 34 
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T-BEAMS 


DESIGN OF T-BEAMS 


» fs p, AND j 


Mee] 
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VALUES OF - 
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DIAGRAM 35 


T-BEAMS 


DESIGN OR REVIEW OF T-BEAMS* 
n=15 


Values of t/d 
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Values of Hd Values of fs 
* From Vol. 1 of “Bridge as aa Waddell. 
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SECTION 6 
SHEAR REINFORCEMENT 
Diagram 36 may be used to find unit shear or bond stress for any beam. 


Uniformly Loaded Beams 


Diagram 37 gives the total number of stirrups in each end of a uniformly loaded 
beam, assuming the concrete to take one-third of the total shear, as recommended by 
the Joint Committee. The total number of stirrups at each end of beam is found by 
entering the diagram with the unit shear at the support and the clear span in feet, 
and following the directions of the arrows to the upper left hand part of the diagram. 
Note that Diagram 37 is made for U-stirrups only with the exception of the 14-in. 
W-stirrup which has a total cross-sectional area equal to the 5{¢-in. square U-stirrup. 
The number of W-stirrups required in any given case will be one-half the number of 
U-stirrups of the same size. 

Diagram 38 gives the distance (J’) from the face of support to the point where v = 
40 lb. per sq. in., beyond which no stirrups are required. 

Diagram 39 is used for locating the stirrups in the beam. It is so constructed that 
if any one of the horizontal light lines is assumed to pass through the face of the sup- 
port and the top line marked ‘‘center of span” is assumed to pass through the center 
of span, the intermediate light lines will divide the triangular shear diagram into equal 
areas and the heavy lines will pass through the centers of gravity of these areas. The 
heavy lines therefore represent the location of the stirrups. 

A convenient scale is placed with the zero on the fine line marked with a number 


. ee pee. Oe 
corresponding to N;. The scale is then rotated until it reads; (in inches) at the top 


line (center of span line). The distances from the face of support to the heavy lines 
are then read directly from the scale, stopping when J’ is reached. One side of a 
triangular engineers’ scale may be used for all ordinary cases. 

- Required to space 3£-in. round U-stirrups in a beam 10 in. wide and of 18-ft. clear 
span, having a shear at the support of 118 Ib. per sq. in. , 


From Diagram 37 


IN = 
From Diagram 38 
Be TAL ab 
Placing scale on Diagram 39 to read zero at N. = 12 and 108 on line marked 


“center of span,” the distances in inches from the face of support to the points where 
stirrups should be placed are: 214, 7, 12, 17, 2214, 2814, 35, 42, 50, 59, and 70. This 
theoretical spacing will usually be modified by practical considerations, such as the 
maximum spacing allowable for the depth of beam. The spacing of stirrups should 
not be greater than about one-half the beam depth. 


Beams with Concentrated Loads 


Diagrams 40 and 41 may be used to find the theoretical spacing of stirrups for 
beams with concentrated loads, the concrete assumed to take one-third of the total 
shear. Diagram 40 is based on unit shear and Diagram 41 on total shear. The 
spacing of stirrups will ordinarily be made uniform between load concentrations, 
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DIAGRAM 37 


SHEAR 


REINFORCEMENT 


STIRRUPS FOR UNIFORMLY LOADED BEAM 
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DIAGRAM 38 


UNIFORMLY LOADED BEAMS 
LENGTH OF BEAM REQUIRING SHEAR REINFORCEMENT 
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DIAGRAM 39 


SHEAR 


REINFORCEMENT 


DIAGRAM FOR LOCATING STIRRUPS 
IN 
UNIFORMLY LOADED BEAMS 


DIAGRAM 40 


SHEAR 
REINFORCEMENT 


SPACING OF U-STIRRUPS 
CONCRETE TAKING ONE-THIRD OF TOTAL SHEAR 
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SECTION 7 
COLUMNS 


The following tables of safe loads on columns are based on the requirements of the 
respective codes in regard to maximum and minimum percentages of vertical steel and 
spiral, and also on such practical considerations as the minimum spacing of vertical 
steel. The number of rods in the square cored columns is limited to eight because 
every rod should be tied back into the column by the binders and it is ordinarily better 
practice to use a spiraled column if more than eight rods are found necessary. 

The tables for round cored hooped columns are so complete that it should be 
possible to select a satisfactory design for any condition of concentric loading without 
additional computation. The values of safe loads given in Tables 35 to 42 inclusive 
are based on the percentages of spiral listed and, if desired, another spiral of equal 
volume may be substituted from Table 46. 

Diagrams 42 and 43 will be found valuable for determining building column loads 
for preliminary work. 

For the design of columns which are eccentrically loaded, see Section 8. Diagrams 
for the design of round columns subjected to bending and direct stress have been 
constructed and are published here for the first time. 

What size of square cored column and what amount of longitudinal steel will be re- 
quired to support a centrally applied load of 200,000 Ib., assuming the recommendations of 
the Joint Committee to govern? Ratio of unsupported length of column to column side is 
less than 15. 

Tables 21, 22 and 23 show the following possible designs: 


2000-lb. concrete. 

6-114 in. square 
8-1}4 in. square 
6-1 in. square 
8-1 in. round 


22-in. column 


23-in. column 


2500-lb. concrete. 
6-1)4 in. square 
8-114 in. square 
6-1 in. square 
8-1 in. round 


20-in. column 


21-in. column 


3000-lb. concrete. 
19-in. column { 8-1) in. round 
8-34 in. square 


20-in. column ot onal 


Lateral ties must be used of not less than 4 in. in diameter and spaced not over 
12in. apart. For 5-in. rods the spacing should never be more than 10 in. 

What size of round column and what amount of longitudinal steel will be required by 
the Joint Committee Recommendations to support a load of 1,100,000 lb.? A 3000-lb. 
concrete is to be used with 1% of spiral reinforcement. Unswpported length of column is 


less than 10 diameters. 
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COLUMNS 


From Table 34, page 114, it is found that a. 37-in. round column with 33-in. 
core, and with fourteen 114-in. square longitudinal rods will safely support a load of 
1,105,000 lb. 

Table 47 shows that a spiral of 7/0 gage and 2)4-in. pitch will give 1% of reinforce- 
ment; or that a 14-in. spiral may be used with 23g-in. pitch. Table 46, page 188, gives 
other satisfactory sizes and pitch of spirals to obtain the required 1% of spiral re- 
inforcement. This table also gives the weight in pounds per foot of column for each 
spiral. Table 45 gives the volume and weight of columns per foot and Table 44 gives 
the weights of column rods per foot. 

What would be the design of the column of the preceding problem assuming the American 
Concrete Institute recommendations to govern? ‘ 

A number of satisfactory designs may be taken from Table 37. One possible 
design is to use a 37-in. column with 33-in. core and a spiral of 7/0 gage, 244-in. pitch, 
sixteen 114-in. round longitudinal rods. 

Reduction Formula for Long Columns.—Where long columns must be used, the 
reduction which follows, taken from the Los Angeles Building Code, may be employed 
in the design of columns whose unsupported length (1) is between 15 and 30 times the 
least dimension of effective section (d). Let r represent the quantity by which the 


s Sa Hl Lae , F 
working stress for columns with 7 less than 15 should be multiplied to give a working 


stress which may be used for long columns. Then 


r=1.6—- 165 (;) 
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TABLE 21 


COLUMNS 
SQUARE CORED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
JOINT COMMITTEE RECOMMENDATIONS 
P=Af{[1+(n—1)p] 2000-lb. concrete 
(Zttupported Henoth) 1:6 mixture 
Max. ; =15 n=15 
side f.=450 


Number Square rods Round rods 
of = 


-olum 
column "eae 


(inches) 


|) 4 


12 
13 
14 


Nw @ oO 


15 


HOR OH ® 
cot RON Ww a 


16 


WN Hw INO wo 


17 


wits ONS NHO wry 2 


18 


19 


RS So Se 


20 


AN® WOS WOO WHO ANH 


CODD OA ODF ODL ORF ODL DHL ODL WOML OME WOBDL ODL OOK WOK WDE 
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TABLE 22 


COLUMNS 
SQUARE CORED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
JOINT COMMITTEE RECOMMENDATIONS 
2500-1b. concrete P=Af,{1+(n—1)p} 
1:46 mixture unsupported length 
n=12 Max. ——— S115) 
SES side 


Sve \ Square rods Round rods 


core jl | 
(inches) | (inches) 1% | 14 | 1 1% | 1% 


ey 


12 8 
13 ) 
14 


oer 00 


15 


WO WOH I 00 


16 


alte 


LO WOW WOR MOM OL 


18 


19 


RHE NNN Contr woo wom : 


Ser bee 205 5 
205.0 213. 
| | 


REN RON CHO RO HN oto 


BNO HBO OVE ONA OWN Wow DO 


4 
4 
4 
6 
8 
4 
6 
8 
4 
6 
8 
4 
6 
8 
4 
6 
8 
4 
6 
8 
4 
6 
8 
4 
6 
8 
4 
6 
8 
4 
6 
8 
4 
6 
8 
4 
6 
8 
4 
6 
8 
4 
6 
8 
4 
6 
8 
4 
6 
8 
6 
8 


TABLE 23 


(inches) 


of 
core 


(inches) 


COLUMNS 
SQUARE CORED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
JOINT COMMITTEE RECOMMENDATIONS 
P=Af,[1-+(n—1)p]| 3000-lb. concrete 
Mae (Szeupporine vent) aT LenS 
f,=675 


Square rods Round rods 


% 1 


12 
13 
14 


15 


16 


17 


18 


19 


8 
) 


RE bo © | 


eee 


@vo NWO WOR Con A © | 
oto 


oo) im 
Mins nie WON RHO Soe 


WN ORO HOO TO Wr 


Onn Won: 


wry SCO% OOS Rw HOO HHO ouN 


Ww tr Dw00 WR WAT IOS RAD 


Dom WOR AHO NOR WON 


COO ANN GAM OOO AAO ONN 
com or 


100 


4 
4 
4 
6 
8 
4 
6 
8 
4 
6 
8 
4 
6 
8 
4 
6 
8 
4 
6 
8 
4 
6 
8 
4 
6 
8 
4 
6 
8 
4 
6 
8 
4 
6 
8 
4 
6 
8 
4 
6 
8 
4 
6 
8 
4 
6 
8 
4 
6 
8 
6 
8 


TABLE 24 


COLUMNS 


SQUARE CORED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
AMERICAN CONCRETE INSTITUTE RECOMMENDATIONS 


AND 
NEW YORK CITY BUILDING CODE REQUIRE- 
MENTS 
2000-1b. concrete P=Af,[1+ Ou nls 
1:6 mixture Max: (sneupper engt ) 15 
n=15 side 


Square rods Round rods 


(inches) 1 


(inches) 


12 
13 
14 


eon bo be 


15 


16 


2 


BH NOD NAH WOR HO 


18 


19 


20 


POR ORO POR ORO ROR ORO ROR OMe 


Hon COS MMM OOO HON 


DOF WAFL ORL DOP ODF ODE DOK OOL OAR HL 


Rae 


A 
todos nae000 bodes sae0b0 todo Satoon boone “3G000 bodes Maoeo0 Roe 


“5292.3 298. 
-5 306.3316. 
320 . 2/333. 


315.8/322. 
329 8/339. 
1343 .7/356. 


340 .3/346. 
354 .3/364. 
368 .2/381. 


365 .8/372. 
363. -0/379 . 8/389. 
362.7 371 393 .7/406 . 


aan COO MM OOO MAM OOO MAM OOO MIM COS UM 


ON ANOS ONA BNO ONA BRNO ONE ARNO ON ANE 


DDE DAL DOF DOF DOF DOK OO 


Nom NOS NOR NOS NOR NOOO NUR NOS NOR NOS JO 


TABLE 25 


COLUMNS 
SQUARE CORED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
AMERICAN CONCRETE INSTITUTE 
RECOMMENDATIONS 
P=Af.[1+(n—1)p] 2500-lb. concrete 
Misi (Hzsupported length 15 1:44 mixture 

side n=12 

f,=625 


of Narabes Square rods Round rods 
core ; = < 
(inehes) | (inches) ee | «| % | 1 [1% | ei] 6 | 9c | we | 1 [a3 | om 
ia 8 4 || 50.7} 68 B) nnn) |.- 05: | NAN ed | 48.4| 52.2] 56.5 | 
13 9 4 61.4) 66.1] 71.7)..... eete epee 59.1] 62.8] 67.2] 72.2 
14 10 4 EBS G30) SEG) Dill aes colene. || 70.9] 74.7] 79.0| 84.1] 89.8 
Cue RZSE6 |e S507 meen leet: ee aseoe 75.2) 80.7) 87.3 
8 SAO: ee ceners reece | 79.4] 86.8 
15 11 4 86.4] 91.1] 96.7/103.1)....<|..... 84.1] 87.8] 92.2] 97.2/103.0 
6 GP Fi 98 BOT Bl oa vet dlyo! < 88.3] 93.9 100.4) 108 
8 Ges Wg DONG fact ite ca ey Ee 92.5) 99.9 108.7 
16 12 4 100.7 105.5/111.1/117.5 124.8 98 .4|102.2)106 .5/111.6/117.3/123.8 
| 6 HOSES <OlLS Ie Olea eh eee eee 102.7/108.2 114 .8122.4 
8 111.5)120 9].....]..... PSS See (106 .9)114.3 123.1 
17 13 4 |116.4/121.1/126.7132.1/140.4 148.6) 114.1/117.8/122.2/127.2/133.0/139 .4 
6 121 .7/128 8/137 .2|146.9|.....|.... .| 118.3|123.9|130.4/138 .0|146.6 
8 12711136 .6)147.7|....- ne hbnees 122 .5/129 9/138 .7|148.8 
Teme | 14: 4 /133 .2/138 0/143 .6|150.0 157.3'165.5,/130.9]134.7/139.0/144.1/149.8/156.3 
6 1138 .6|145.7/154.1|163.8174.7|..... 1/135 .2/140.7/147.3/154 .9/163.5/173.1 
Sm 144 OlLBSr4idGt 16 |h Ronn ala ||189 4/146 8/155 .6|165.7 | 
19 | 15 4 151.4/156.1/161.7/168.1/175.4/183.6|/149.1)152.8/157.2/162.2/168.0|174.4 
6 156.7 163.8 172.2/181.9 192.8 .... . ||153.3/158.9|165.4|173.0|181.6)191.3 
8 ||162.1/171 .6|182.7|195.6|.....)..... 157 .5/164 .9/173.7/183.8|195.3 
20 16 4 ||170.7/175.5)181.1/187.5|194 8/203 .0|/.... .|172.2/176.5/181.6|187.3]193.8 
6 176 .1/183.2 191 .6/201.3 212.2 224 5 172.7178 2/184 .8|192.4/201 .0|210.6 
8 181.5/190.9|202.1|215.0,229.6|..... 176 .9|184 .3)193 1/203 .2/214.7/227.5 
of Al ee ee 4 191.4196. 1/201.7/208.1/215.4/223.6|.... ./192.8/197.2/202.2 208.0/214.4 
6 | |196.7/203 8/212. 2/221 9/232 .8|245.1||193 .3|198 .9|205 4/213 0/221 .6/231 3 
8 '202. 1211 .6/222.7/235 6250.2)... . 197 .5/204 9/213 7/223 8/235 3/2481 
22 18 ae oe |218.0/223 .6/230 0/237 .3/245.5)|.... .|214.7/219.01224. 1/229 8/236 .3 
6 218.6 225.7 234. 1/243 8/254 .7 267 .0||215 .2/220 7/227 3/234 9/243 5/253 .1 
8 | 224.0233 4 244.6 257 5272.1 288.4//219 4 226 .8 235 6/245 .7/257 2/2700 
23 19 4 |j...../241,1/246.7/243.11260.4/268.6||.....]..... 242 2/247 .2/253.0/259.4 
6 241.7 248.8257 2266 .9/277 8 290.1)/238 3/243 .9 250 4/258. 0 266.6276 3 
| ip |247 . 1/256 6/267 .7 280 .6|295 2/311 .6|/242 5/249 .9 258.7/268.8|280 3/293. 1 
Sau i 20 4 eee. 265 .5|271.1|277 .5|284.8|293.0||.....]..... 266 .5|271 .6|277 .3/283 .8 
6 266 . 1/273 .2 281 .6 291 3/302 .2/314.5)/|..... 268 . 2/274 .8/282 4/291 .0/300.6 
8 271 .5 280 9 292 .1|305 .0|319 .6 335 .9||/266 .9/274 .3/283.. 1/293 .2/304 .7|317.5 
a es 4 Seon 291.1/296.7|303.1|310.4/318.6||.....]..... 292 .2 297 .2/303 .0|309 .4 
6 \291.7|298 8 307 .2/316 .9|327 .8|340.1||..... 293 .9|300 . 4/308 0/316 6/326 .3 
| 8 297 .1|306.6 317 .7 330. 6/345 2.361 .6||292 5/299 9/308 ..7/318.8/330.3/343.1 
26 22 TE Al eee tnt EOD CREE CAN bon on ction 324. 1/329 .8'336.3 
be ales: 325. 7/334. 1|343.8|354.7|/367.0)|..... 320. 7/327.31334.9|343. 5/353. 1 
8  ||824.01333.4 344 6/357 .5/372. 1/388. 4|/319 4/326 .8/335 6/345 .7/357 2/370 .0 
27 23 me lees Ades [351 .7|358.1/365.4/373.6||.....|..... 352.2/358 0364.4 
Coan | ees 1353 .8/362 . 2/371 .9/382.8|395.1)|..... 348 .9/355 4/363 .0/371.6 381.3 
8 352. 1/361 .6 372. 7/385 .6|400 . 2/416 .6||347 .5/354 .9/363 7/373 .8|385 31398 .1 
28 24 be Pct he: Pas i39 74518041 61403301 | "nese tele 381 6/387 .3 393.8 
6 | 383 2/391 6/401 3/412 2/424 .5||..... ieee 384.8 392.4/401.0 410.6 
8 381.5/390.9 402.1415 .0429.6 445.9]. 384 3/393. 1/403 .2/414.7,427.5 
29 25 Ae ll be ete AS SEA e4\438)56|l eaters elle sel lied 412.2)418.0 424.4 
Bho Oates 413 8/422 .2/431 9/442 .8/455.1||.....]..... 415 4/423 0/431 .6/441.3 
8 412.1/421.6/432.7/445.6|460.2|476.6||..... 414.9]423 7,433.8 445.3 458.1 
30 26 iN ee toc aac Pace 450.0|457.3/465.5||.....]..... scabies ee 449.8 456.3 
Calais 445 7/454 11463 .8|474.7|487.0||.....|..... 447 3/454 9/463 5473.1 
ey | ees '5/492.1/508.4||..... 446 .8|455.6/465.7|477.2 490.0 


TABLE 26 


COLUMNS 
SQUARE CORED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
AMERICAN CONCRETE INSTITUTE t_ Column size 
RECOMMENDATIONS : 7 
3000-lb. concrete BoA ee 
1:3 mixture unsupported leng “4 
n=12 Max. ( ade ) 15 
tf, =750 


a pie Number Square rods Round rods 
column core en ] 
(inches) (inches) 5% 34 w% | 1 1% | 14 1 % 34 % 1 14 | 14 
12 8 4 || 60.9| 66.6|..... { vnaafee etl ca || Sea p6e.6) 6728) 
ie 9 4 73.6) 79:3] 86.0|..-.- learnt aa 70.9| 75.3) 80.6, 86.7, 
| | 
14 10 4 | 87.9) 93.6/100.3|108.0 Ree || 85.1) 89.6) 94.8]100.9|107.8 
6 94.3 102 Saad Se eae 90.2 96.9)104.8 
8 1008S Seen dE pe NC ea ee Ml Ae 95.31104. 
15 11 4 103 .6|109 .3/116.0/123.8]..... ees '|100.9/105.3 110.6 116.7/123.6 
| 6 110: L118 61428 7) eae eee eee 105.9 112.6 120.4)129.6 
| 8 TUG. JAIPYP-O | onc 5) secu claccce fae /111.0 119.9,130.4 
1B | ae 4 120.9126 ,6/133.3/141.0 149.8 ~.... 118.1 122.6 127.8 133.9 140.8) 148.5 
6 127.3/135.8/145.9|..... ese al Oe ae 123.2|129.9|137.8/146.9 
8 1133343314 lr nae eee oes ee 128.3 137 .2|147.7| 
17 13 4 1139 6/145 .3/152.0/159 8/168 .5/178.3||136.9/141 .3/146 .6/152.7/159 .6|167.3 
6 HAGA IISANG Eder 17ORo eee) amet |141_9 148 .6|156.5 165 .6|176.0 
8 USI GOS ON TeWiBiloaccniincsaelloan on 147 .0,155.9|166.4 177.6 
1 | a 4 159 9/165 .6|172.3/180 .0|188.8|198 .6| 157. 1/161 .6/166.8|172.9|179 .8]187.5 
| 6 166 .3|174 .8'184 .9|196 .5|209.7|..... [162.2168 91176 8 185.9|196 .1|207.7 
8 PMO Bl egue| consol ooce 167.3176 2186.7 198-8 
19eee © stb 4 |181.6/187.3/194 .0/201.8/210.5/220.3) 178.9 183.3 188.6 194.7 201.6 209.3 
6 188 .1)196 .6 206 .7|218 .3/231.4|..... 1183.9 190.6 198.4 207.6 218.0129 5 
| 8 194 .5|205 9/219 .3/234.8].....]..... |189 0/197 .9|208 .4/220.6 234.4 
20) 16 4 204 .9/210.6 217 .3/225 0/233 .81243.6||.... 206.6 211.8 217.9'224.8 232.5 
6 211 3/219 .8 229 .9)241 5/244 7/269 .3|/207 2/213 9/221 .8/230.9 241 2/2528 
8 217.8 2291/2425 /258.0|275.5)..... 212.3221 .2/231.7 243.8/257 .7/273.0 
am sl aay 4 229 .6 235.3 242 .0/249 8/258 .5/268.3]|..... 231 .3'236.6 242.7249 .6 257.3 
6 236.1244 .6 254.7 266 .3/279 4 294. 1//231 9 238 6 246.5 255.6 266 0277.5 
8 242 _5/253 .9'267 .3/282.8/300.3|..... 237 0/245 9/256 .4 268.6 282.4 207.8 
22 18 4 .. .|261 .6|268 .3|276 .0/284 .8/294.6]|..... 257 .6|262 .8 268.9 275.8 283.5 
6 262 3/270 8 280 9/292 .5/305.7 320.3 258.2 264.9272 8 281.9 292 2.3038 
8 268 .8/280 1/293 .5|309 0/326 .5|346 .1| 263 3.272 .2|282.7.294 8 308.7 324.0 
ee 210 Avie 289 .3/296 01308 .8|312.51322.3||.....|..... 290 .6 296 .7/303.6/311.3 
6 1298 .6 320 .3/333 4/348 .1|/285 .9 292 6/300 .5|309 . 6/320 .0|331 .5 
8 ‘9 336 .8|354 3/373 .9| 291 .0 299 9/310 4/322 6/336 .4/351.8 
4 PE SLSKG 333 .0/341.8|351.6||..... [Tee 319 .81325.9 
6 8 349 .5|362.7/377 .3/|..... 321 .9|329 .8 338 9 349 sl360 8 
8 “il 366 .0|383 .5|403 .1|/320 .3 329 . 2/339 .7/351 8/365 7|381.0 
So A eee, S 363 8/372 .5/382.3||.....]..... 350 .6|356.7/363 .6|371.3 
6 ‘6 380 .3|393 4/408 1||_.... 1352 .6|360 5/369 .6/380 01391 .5 
8 ‘9 396 .8|414 .3/433 .9||351.01359 .9|/370 .4/382 6,396 4|411.8 
dod © sil eee ete Ne 396 .0/404.8/414.6]).....]..... ivieee 388 .9/395.8|403.5 
6 412 5/425 .7/440.3||.___. 384.9 392 .8.401.9/412.2/423.8 
8 429 0/446 .5 466.1|/383.3 392.2402 .7/414 8428 7\444 .0 
Lari ll ecg | eS 429 8/488 .5/448:3]|..... Let eee 422.7 429 .6|437.3 
Gira Blinn 446 .3/459.4/474.1||___.. 418 6/426 .5/435.6446 .0/457.5 
8 462 .8|480.3/499 .9| 417.0425 9/436 41448 6462.4 477.8 
dee; \Neereee «le eee 465.0|473.81483.6||..... (aero aa *. /457.9/464.8/472.5 
6 481 .5|494.7/509.3||_. | ae 461.8 470.9 481.2 492.8 
: 498 0/515 .5/535.1 re 461.2/471.7|483 .8|497.7 513.0 
ee 501.8/510.5'520.3]|.....|.....]...../494.7/501.6 509.3 
8 7/518 .3/531.4 546.1||..... Wace! 498 5 507.6.518.0 529.5 
: 3 584 .8/552.3.571.9 |... 497.9 508-4 520 As 4 549.8 
Remain lest, 154001548 .8 558 .6||.. 539.8 547.5 
6 9'556.5|569.7 584.3||.....|_....|536.8'545.9 556. 8 
| : : al : 9 556.2 567.8 
Bites) tl eager 5/573 .0/590 5,610.1] |..... 536.2|546.7 558 .8|572.7/588.0 


Orr 


TABLE 27 


COLUMNS 
SQUARE CORED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
NEW YORK CITY BUILDING CODE 
REQUIREMENTS 
P=Af{1+(n—1)p) 
length 1:415 mixture 
Max. (—=—) =15 
side n=12 
tf, =600 
Dias Se ee es 
Square rods Round rods 
column | core | Ao: oS 
(inches) | (inches) _ | 96 | 34 | 3 | 2 | aye | a3c |] 96 | x | we | a | ae [am 
12a 8 OPS Ne Cae ee faster eal 46.5| 50.1] 54.3 
qe | 9 4 WSScONGS25|6ReSihn ta tcc aee| eee | 56.7| 60.3] 64.5] 69.3 
uu 10 4 || 70.3) 54.9] 80.2| 86.4|...<.|..... 68.1] 71.7] 75.9| 80.7] 86.2 
| 6 TDUDINC OSS eee Slee | ru ot oe Pe) Cereal KS 
| 8 BOSGIRES els enone eee 76.2| 83.3 
15 11 4 ~ || 82.9} 87.5] 92.8) 99.0]..... NS oes 80.7] 84.3] 88.5] 93.3] 98.8 
| 6 || 88.1] 94.9102 9]..... eee at hea, 84.7| 90.1] 96.4/103.7 
| 8 |} 93.2/102.3/.....]... 88 8] 95.9|104.4 
16} 1 | 4 | 96.7/101 .3 106.6/112.8|.....|..... 94.5] 98.1/102.3/107.1/112.6/118.8 
: | 6 |}101 .9)108.7)116.7|..... heaerelltes Ae || 98 6/103 .9/110.2|117.5 
8 107.0/116.1)..... reel heen ene 102.6)109.7/118.2 
17 el 4 111.7/116 3/121 .6 127 .8)134 .8/142.7)|109.5/113.1/117.3/122.1]127.6|133.8 
6 LROLONOS ET Slee dele Olesen leaaey 113 .6]118 .9]125.2/132.5/140.8 
8 122.0|131.1/141.8|..... Aes ill 117 .6|124.7|133.2/142.9 
13. 7 | 14 4 127 .9|132.5 137.8 144 .0/151.0/158.9]/125.7'129 3/133 .5/138.3/143-.8/150.0 
6 1133 11139 .9|147.9/157.2|/167.7|..... 129.8 135.1|141.4/148.7|157.0|166.2 
8 138.2/147.3|158.0|.....|.5-..|.-.-- 133 .8)140.9|149 .4|159.1 
19 15 4 1453/1499 155.2 161.4/168. 4/176 .3/| 143 1/146 .7/150.9/155.7|161.2 167.4 
| 6 | 150.5/157.3 165.3174.6185.1|.....|/147 2,152.5 158.8166. 1/174 4/1836 
8 oe ua Sard hi Goyer 1 ho? dere) emma) |e oer 151 .2)158 .3/166.8/176.5|187.5 
20 16 4 163 .9/168.5 173.8 180.0 187.0194.9)| ..... 1165 .3/169 .5|174 3/179 .8)/186.0 
| 6 |169.1/175.9 183.9 193.2 203.7 215.5)| 165.8171 .1|177 .4|184 .7/193 .0 202.2 
| 8 ||184 2,183.3 194.0 206.4, 220.4)..... 169.8176 .9}185.4/195.1|206.1/218.4 
21 17 4 183 .7/188.3 193.6 199 .8/206.8 214.7)| .... .|185.1/189 .3/193 .1/199 .6|205.8 
6 188 .9 195.7 203.7 213.0 223 5 235.3 |185.6 190.9|197 .2/204.5/212 8/2220 
8 /194 .0 203.1 213.8 226.2/240.2 255.9 |189 .6 196.7|205 .2 214.9|225.9/238.2 
220) | oe 5 | 4 1209 .3'214 6/220 .8/227.8/235.7|| ..... 206 1/210 .3 215 .1/220.6/226.8 
| | 6 1209 .9 216.7 224.7 234.0 244.5 256.3 | 206.6 212 0/218 -2 225 5/233 8/243 .0 
8 215 ..0,224 .1 234.8 247 .2/261 .2,276.9||210 6 227 .7/226 2/235 9/246 .9 259.2 
BY 19 ial lee gtee 231.5 236.8243 .0|250.0 257.9]| ..... .... .|232 5/237 3/242 .9|249 0 
6 |232 .1/238.9 246.9 256 .2/266.7/278 .5 | 228 8/234 .1|240 4/247 .7/256.0/ 265.2 
8 (237 .2 246.3 257.0 269.4 283.4 299.1 | 232.8 239 9/2484 258. 1/269.1/281.4 
24 20 =| 4 Geen 1254 .9 260.2/266 4/273 .4/281.3] ..... Wee ee 255.9 260.7/266 .2/272.4 
6 1255 5/262 .3 270.3/279 .6|290.1/301.9..... 257 .5|263 8/271. 1|279 4/288 .6 
8 260.6 269.7 280.4 292.8 306.8 322.5 | 256.2 263.3/271.8 281.5 292.5 304.8 
25 21 4 Poor 279.5 284.8/291.0/298.0/305.9||..... pete 280.5 285.3/290.8/297.0 
| 6 1980 .1/286.9 294 9/304 .2.314.7/326.5 .... .'282.11288.4/295 71304 .01313 .2 
| 8 1985 2/294 .3 305.0|317.4|331 .4/347.1 280.8 287.9 296.4 306. 1347. 1|320.4 
eee eee 225 = | 4 ibe! ome 1310 ..6|316 .8/323.8/331.7|,.....|..... exec 311 .1/316.6/322.8 
ee \312 .7/320 .7|330 0/340 .5|352.3) 307 .9 314..2|321 .5 329 8/3390 
8 311 .0,320.1/330.8)343 0 357.2372.9 306.6 313.7 322.2 331.9 342.9355 2 
ov | ~~ 7 NAN Bie _... .|837.6|343.8 350.8 358.7) . hae ee 338.1/343 6349.8 
6 Ll orah yeep 1339 .7|347 .7|357 .0 367 .4|379 .3)| . 334 .9'341 .2/348.5 356.8 366.0 
| 8 | 338.0 347.1 357.8 370.2 384 2,399.9 333.6 340,7 349.2 358.9 369.5 372.2 
98 oi || 4 _. .1865.8/372 0/379 .0'386.9)| . 20 (366.3 371.8 378.0 
| 6 | 367 .9|375 .9 385.2 395.7.407.5)| . .. .|869.4/376.7/ 385.0 394.2 
| 8 366 . 2/375 .3|386 .0/398.4 412.4 428.1))361 8 368.9 377 4/387.1/398.1/410.4 
29 | 25 Lies, ag lh Be i tan ne. 401.4408. 4141631 ; | 2.2. .|895.7|401 2/407 .4 
6 eae 397 .3/405 3/414 .6 425.1/436.9]|...../..... 398 .8406.1414.4 423.6 
| 8 395 .6/404.7 415.4/427.8 441.8 457.5 398.3 406.81416.5 427.5 439.8 
30 | 26 4 Seta SEM nee Ge Osos OIdds Bite viel nn ote il tees 431.8 438.0 
6 |" * 511497 .9)435 .9/445.2 455.7/467.9]|,.....|.... .|429.4/436.7/445.0/454.2 
Shee nee 435 3/446 0/458 4/472 .4/488.5||.... .|428.9|487.4/447.1/458.1|470.4 
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TABLE 28 


COLUMNS ° 


SQUARE CORED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
CHICAGO BUILDING CODE REQUIREMENTS 


2000-lb. concrete P=AfJ{1+(n—1)p] 
1: 6 mixture length 
n=15 Max. Side =12 


Square rods Round rods 


1 


(inches) (inches) 


12 9 
13 10 
14 11 


vw © w 


song nts 


15 12 


DOP ODE SF KS | 


SNe 


16 13 


17 14 


18 


We Wi KOO ROM WN © o 
oe 


109) 


116.2122. 


Pe Stee 
|125.9)130. 
| 129.4 135. 


oo (189. 


139.9 144. 
(143.4 149. 


20 


NUR Ooty THO Oot BAUR 


21 


APO RRO tw WOO NYW PhO RRO 


AN WAN QAWO NOR AWO HMI 


22 
154.7 159. 
- 158.2 164. 


0} 


CODE ODF ODE ODE ODE ODL CODH 


23 


¥ it 
Pw CON HOO HOO wr 


173.8 179. 


28.9 | 


THO WNW NHS Oww OwWHw NKE 


NOW BNO BRNO NOW WOR NOM AN 


POO RAO ON ARHRDO DOH DOH HAO ONU ROO 


OO DOR ORK OAR DOK HOR DOK WOE 
HOO HOO NOR HOM WHO WHO HOMO Nom HOOK 


WI OOM RW CON HOO HOO OMNI 


NOW NOW Wom 
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TABLE 29 


COLUMNS 
SQUARE CORED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
CHICAGO BUILDING CODE REQUIREMENTS 
P=Af.[1 a 2400-lb. concrete 
Pa dP! 1:444 mixture 

Max. (‘en0™*) 2, n=12 

Sine f, =480 


ale het Square rods Round rods 
iB 


(inches) (inches) rods ‘ | 7 ‘ 1 


12 | 2 
13 10 
14 11 


15 12 8527/90), 


Doe Anew wh 


16 13 97.7/102. 


106.0 


17 14 110.7}115.1 


119.0 


18 15 124 6/129. 
132.9139. 


141.2 


139 .5)143. 
147 .8|154. 
156.1 


155 .3)159. 
163 .6)170. 
171.9/180. 


172 .1|176. 
180.4/187. 
188.7/197. 


189 .9/194. 
198 ,2)204 
206.5/215. 


208 6/213. 
216 9/223. 
225 2/234 


228 ,3/232 
236 .6)243 
244 .9/253. 


248 9/253. 
257 .2)263. 
265 5/274. 


270,5/274, 
278.8)285. 
287 1/295. 
. |283 .1/297 


5 5/301 .4|308. 
318. 


321. 
-9/331 
1/342 . 


345, 
356. 
366 
370 


381. 
391. 


19 16 


20 17 


esa ohana Slamte a seit ae 


21 18 


Noo BNE Moby NOW NHR OHO OH YEA wo 


22 188, 


23 20 


WOO CHM WWI TNS OND WHO WOK 


21 


ORO NON ONO NOT ORO WHW IW OMS WHwW MOM NON 


22 


23 


RON RH HOR MeN Ae 


24 


25 


26 


Cad AHN CON 
— : 


NOS NYE WN NYO WAS AOR ORO WHE TOM oot 
000000 WIR OO WRIA WOO NNN MOO WOO EN 


RON 
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COLUMNS 


coo ee 


2900-lb. concrete 


SAFE LOAD IN THOUSANDS OF POUNDS 
CHICAGO BUILDING CODE REQUIREMENTS 


SQUARE CORED COLUMNS 


P=Af{1+(n—I1)p| 


TABLE 30 


1:3 mixture length 
n=10 Max. (Se) ae 
tf, =580 
pile Rive Number Square rods Round rods 
f — \} ae 
column core o | 
Gnehes) | Gnehes) | 74° |l 5g | 94 | % | a | 136 | 1341] 56 | 9% | % | 1 | 196 | 3 
12 geal, we 55.1| 58.7|..... |.....|....:[...++l| 63.4] 56.2] 59.5] 
\ 1] | 
13 10 4 6622 OOS |e eee eer ene | 64.4) 67.2, 70.6 
14 11 4 TSU SIEST Ol SOx lean hl Pere eee | 76.6, 79.4) 82.7) 86.6 
6 SOU AICS 77-8 alge ees) ees | eee | 79.8] 84.0] 89.0 | 
8 Ts ERAN ee fake Peete clk | 83.0] 88.6 | 
15 12 4 Ol eae 8) CAMO). oa el cee 89.9] 92.8] 96.1] 99.9 104.3 
6 9571101 alle aloe deel ee NOD OT eaitO zee 
8 993) kaee fa ae eeise ee 96.3 102.0 | 
16 13 4 106 .2/109 8/114 .0/118.9/124.5]..... | 104.4 107.3 110.6114.4 118.8 123.6 
6 110 .2/115.6|122.0].....|..... Gat oe /107.6 111.9|116 .9|122.6 
8 114 3/123 (8) cts |x ensbrowe aloe = ach HAO. SRO copies t | 
17 14 4 121 .8]125.4|129.7/134.6/140.1]. 1120.1 122 .9|126 2,130.1 134.4 139.3 
6 125 ONLI 37.27 ee eee ||123 .3/127.5|132 .5|138.3 | 
8 TOO 4a. Meco ...-{/126.5/132.1/138.8 
Seen elo 4 138 .7/142 .3/146 .5|151 .4/156.9/163.1 /136.9 139.7/143.1/146.9 151.3156.1 
| 6 142.7/148.1/154.5)161.81.....|.....||140.1/144.3)149 3/155 .1/161.6 
8 146.8 T54eOl162 25) a elee eee 143.3149 .0 155.6 163.3 
19 16 4 1156.6/160.2/164 .5/169.4'174.9|181.1]|..... 1157.7|161.0/164.9/169.2)174.1 
6 (160. 7|166.1/172.5/179.8/188.1)..... /158.1162.3,167.3/173.1179.6 186.9 
8 164.8|172.0|180.5|.-<2/\.. ec licee: 161 .3,166.9)178 6 181.3, | 
20 17 4 1175 .8|179 4/183 .6/188.5/194.1/200.3|..... 176.9180 .2/184.0/188.4/193 .2 
6 179 .8/185.2)191 .6|198.9|207.3|..... ||177.2.181.5/186.5)192.2)198.8 206.1 
8 183 ,9|191.1/199 .6/209.4].....]..... 80.4186 -1/192.7|200.4 209.2 
21 18 4 ee 199 .7|203 .9/208 .8'214.4220.6|..... |197 .2|200 .5/204 .3/208.7/213.5 
| 6 200 . 1/205 .5/211 .9/219 2/227 6 236.9 |197.5 201.8 206 .8/212.5 219.1 226.4 
8 204 2/211 .4/219 .9/229.7].....|..... 200.7 206.4 213.0 220.7 229.5 
22 19 4 .... 221.1225 .4]230.3/235.8/242.0]..... ae |221 9 225.8 230.1/235.0 
6 221 , 6/227 0/233 .4/240 .7/249 .0 258 3/219 .0 223 2/228 .2/234 .0 240.5 247.8 
8 225 .7|232 9/241 .4|251 .1|262.2].... .||299 2 297 g]234 5/242 2/251 .0|260.6 
23 20 4 ...../243.8/248.0/252 .9/258.4/264.6}..... oe 244 6248.4 252.8 257.6 
6 244 ,2/249 6/256 .0/263 .3/271.6 280.9 |... .. 1245 8/250 8/256 .6,263 .11270 4 
8 248 3/255 .5|264 0/273 .8|284.9|..... 244 8 250 .5/257.1/264 .8 273.6 283.3 
24 21 gee 267 .5|271 .8|276 .7|282 .2/288.4|| . |...../268.3/272.21276.5/281 .4 
6 268 .0/273.. 4/279 .8|287 .11295.4|304.7||... 269.6 274.6 280.4 286.9 294.2 
8 272 .1|279 .3/287 .8|297 .5|308 .6'321 .0 268 .6 274 .2|280 .9| 288 .6/297 .4 307.0 
25 22 4 Be are 296 .7|301.61307.2/313.4|]_....| elt eae '297.1 301.5 306.3 
6 .... .|298 .3|304 .7/312 0/320 .4'329.7)| 294 .6 299.6 305.3 311.9|319.2 
8 297 .0304 .2/312.7/322 5/333 6/346 .0 293 5 299 2/3058 313.5 322.3 332.0 
26 23 Mees |e eat ce CUD ASIR DY rd ESRC) ERO PEN es alge |323 .2/327.6 332.4 
6 1... ./824.4/330 8/338. 1/346 5/3559 | '320 .7/325.7/331 4/338 .0 345.3 
8 323 . 1/330 .3/337.9/348 6/3597 372.1. 325 .3/831 .9|339.6/348.4 358.1 
27 24 A Nix eae | eee 350. 1/355 .0/360 .5,366.7||.....|.....]. ....|850.5/354.8 359.7 
ee OANA oa 351 .7|858. 1/365 4/373 .7/383.0||.....|. _.. .|852 .9/358.7/365 .2 372.5 
8 350 .4/357 6/366 .1/375.8/386.9 399.3. 1352 .5/359 .2 366.9 375.7 385.3 
| 
28 25 bo, caliente ee ee CR IRE EO Bie ayer Pas lies onal gs 2 378 .9 383.3 388.1 
6 .... . (880. 1/386 . 5/393 .8]402.1/411 4 | eee 381.3 387.1/393 .6 400 .9 
8 /378 .8/386 .0|393 .5/404 .3/415.4/427.8||... |381 .0/387.6/395 3 404.1 413.8 
29 26 Ni iar a AI35 014182514240 Tile eel eee | ea 412.8/417.7 
ei 409.7416, 1/423 41431 .7/441.0||.....|..... 410 9/416 .7 423 .2/430.5 
8 |... ..;415. 6/424, 1/433.8)444.9/457.3 | 72 410.5/417.2/424.9/433.7/443.3 
30 oT 4.) | eae comme bene UR ACO GWG ao aaallamis acl esace 443.8 448.4 
6 foiirerd ier ts 446,81454 01/4625 4°71 Silane Sine | eae 447 41454 .0/461.3 
8 446.3 /454 8/464 6475.7 488.1, BP 447 .9|455.61464.4/474.1 
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TABLE 321 


COLUMNS 


SQUARE CORED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
LOS ANGELES BUILDING CODE REQUIREMENTS 


r 1:6 mixture 
P=Af{[1+(n—1)p| n=15 
f, =550 


Size 
of 
core 


(inches) | (inches) 36 | 3% 1 "| As 


Square rods Round rods 


12 9 
13 10 


61.9| 68. .4| ; ; 1] 68.7] 75.2 


72.3| 78.6] 85. .5|_79.2| 85.6] 
81.0] 90. : 8] 91.3 
| 89.7 ; 2] 92. 
83.9] 90. f a . .1| 90.7|_97.2| 
92.6 101.9|112. ; ; ¢ po2-slii2.4 


101.2| oe. 
96.5 102. .0/118. .8/103 .4/109.8/117. 
105.2|114. : , .0/116.5/125.1, 
113.9|126. é ; 2127.6 
110.3116. 9141. ; _5/117.1|123 .6|130.8 
119.0 128.3139. ; .7|129 .2|138.8|149.6 
127.6140. ‘ ; .0/141.3]154.2 
- --/125.1/181, ; Yo |ltecmt .4/132 .0/138.4|145. 
.8/133.8/143. : 3 é .6|144.1/153.7/164. 
142.5 lt69. : .8/156.2|169 0/183. 
141,1|147, : .3/147.9|154.4)161. 
149.8 : .5/160.0|169. 6/180. 
172.1 199. 


165.0/171.4 178. 
177. 1|186.7 197. 


ee aes 


for) 


or 


He OD 


259 .0/268.1, 
278 .5|292. 
297.9 316.3, 


281.5290. 
"8/301 .0314.8||.. 
320.5 338.8) 


/305 2/314, 
|324.6 338. 


DOO NNR ANDO WHR HHO ARO ROO iP 


.2/349 .4|363. 
.6|368 .9/387. 


eo 364.9 
375.2 389.0 
304.7 413.1 


ae 


we 


j 421.7 440. 
1430.2'444.0 
449 .7|/468.1 


459 .4|473.2) 
478 .9|497. 


WR OA OBE DRA OMA DAL OMA OMA OMA HOM WOR DOR DOK OAMr ODF ODF ODF ODF KF 


Qo Ro RA 
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Below and to right of zig-zag lines, reinforcement is more than 4 per cent. 
| 


TABLE 32 


COLUMNS 


ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
JOINT COMMITTEE RECOMMENDATIONS 


P=Af{1+(n—1)p] 


2000-1b. concreté — Volume of Hooping =1% of Volume of Core 


1:6 mixture 
unsupported length 
n=15 M a gst bk ses =10 
f,=700 core diameter 
; Siac Deer Number | Square rods : | 
column core ¢ | 
(inches) | (inches) rods BS i ozs |e | 1 | 1% | 134 || 6 | 34 |.% | 1 | 138 | 134 
| | | 
| | | | | | | 
12 Gk in| Pencere thee eenioe i Pee Boeke || 53.2 
| ee 
13 9 6 C725 le pe eel eae eyo ee | 62.5) 
Bn | len tienet ens rl een | oa | Coe iy Vides | 68.6 
14 10 Sor eT SKOls ele el ee ag rey eae || 73.0) 81.0 
8 ShaGia ee eee hese g Eee (ete | 79.1 
15 11 6 SONDIROOR 6 amen ee eyes athe a || 84.5 92.5/101.9 | 
8 Alice Bie Ihete he phe Salby eeomien ae | 90.6101.1 
10 TCA naan liegaee ew rel eae me | 96.6 | 
16 12 GP Woe S)i12es len sie eee epee | 97.2/105.2 114.6 
8 LOORSILOSES reel ee ieee 103.3/113.8 
10 GIs Ea deellawo ec iets cies (cea 1109 .3|122.5 
17 13 6 11520|126.0/187.9]..lcclee oeel--- 2 110.9 118.9 128.3 139.1 
8 IG233:55 |113'7e8 Ieee een ue beg] ene 116.9 127.5 140.0 
10 Te Or eM, ote ey ee! an | Ace 123.0 136.2 | 
) | | | | | 
18 14 6 1130.7|140.8)152.7)166.5 .....|..... 125.7,133.7,143.1/153.9 166.1 
8 /138.3)151.8 167.7). 131.8'142.3/154.8| 
10 146.0|162.8]..... | 137.8 151.0 166.6 | 
12 15376 eeee [eR cts veo ale 143.8 159.7) 
| | | | | 
19 15 6  |/146.7)/156.8/168.7|182.5 . |141.7)149.7/159.1 169.9182.1 
8 \154 .3)167.8|183.7|..... eon beeen |147 .8|158 .3|170.8 185.3} 
LOM en al T6220) 78281 eee meee He ee 153.8/167.0)182.6) 
127) MNTCONGITSOZO nee eee abe eee 159.8 175.7 | 
20) em 16 8 171-4)18429)20028 20002 | nee nee |]164.9,175.4|187.9/202.4/218.7 
10 LZ OP L105 20) Qos eer eee pease 170.9 184.1,199.7 217.8 
12 IT SGA71 2069 | acer en ee alae 176.9 192,.8/211.5) 
! 14 194 AIST <0\eerealli al Wn ace 182.9 201.4 | 
21 17 8 _|/189..5|203.0|218 .9|237.3)..... 183.0,193.5 206.0 220.5 236.8. 
10 G5) PAO EBVO) |S = Sl aaa |189 .0 202 .2/217.8 235.9 | 
12 204 .8/225.0|..... eat arel Sae 195.0 210.9,229.6) 
| 14 DID7 BIOS silleat dee wee 201.0219 5/241.4| 
22 18 8 208.8222 231238. 2)256. 6127 70d alles ee 212 .8|225 3/239 .8/256.1/274.4 
10 216.5\233. 312532127602) aha) o, 2. 1208 .3 221 .5/237.1/255.2|275.6 
12 GOYA MIPYL NOTES GI len 1214.3 230.2/248.9'270.6 
14 231, /8\25504 len emolenas 8 /220 .3 238 .8,260.7 
23 19 8 229 1/242 61258 .5|276.9/297.7].....|l..... |233 1/245 .6/260.1|276 4/294 .7 
10 236 .8|253 .6|273.5/296.5|..... Wace 228 .6/241 8/257 .4/275 5/295 .9 
12 244 A644 719800 5] Geese ene an, 234 6/250 .5|269 .2|/290.9 
14 252 11275).97|3030 5 knee eee | 240 .6/259 . 1/281 .0/306.3 
16 259 .8|286.7|.... 246 6/267 8/292 .8 
24 20 8 250 .5|264 .0/279 .9|298 .3/319.1/342.4||..... 254 .5)267 .0|281.5|297.8/316.1 
10 258 .2/275 .0/294 9/317 .9|343.9)..... Hae 263 ,2|278 8/296 9/317 .3/340.1 
12 265 .8/286. 11/309 .9/337.5|.....|..... 256 .0/271 .9 290 .6/312 .3|336.8 
14 PY EVAPE YR EPL OMe 5 bolic yes eiloge.. 262 .0/280 5/302 .4/327.7 
16 231082] 30 8h 33960 eee eal leet eee 268 .0/289 .2 ssace aed 
25 21 10 280 .8|297 .6/317 51340 .5/366 . 5! | eeoee 285.8 301.4/319 5/339 91362 ..7 
12 288 .41308 .7/332 .5/360.1|..... .| 278 .6|294 5/313 .2|334.9|359 .4 
14 296 .11319.7|347.5|..... . |/284. 6/303. 1/325 .0/350.3 
16 BOS<B1S80N71 36265 learn llen nea eae | 290 .6/311.8|/336.8/365.7 
{| 
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TALLE 32 


COLUMNS 


ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
JOINT COMMITTEE RECOMMENDATIONS 


P=Af{1+(n—1)p] 


Volume of Hooping =1% of Volume of Core 7900-1. concrete 


unsupported length 1:6 mixture 
Max. ( oe ie - gt =10 n=15 
core diameter f.=700 
‘ : || | 
ee anes wasd Number | Square rods | Round rods 
column _core si | eee ais = 
(inches) | (inches) 5 | 34 | % 1 | 1% | 1% || % | 24 34 1 | 1% | 1% 
26 22 10 304.4 SZ AISA SGA MI SOOGN occ salillanerere 309 .4/325.0/343. 1/363 .5/386.3 
12 (312 0/332 .3/356. 1/383 .7/414.9).....])..... 318.1/336 8/358 .5|383 .0/410.4 
14 SIO Pista clos bo LOd aie, aloes. 308 . 2/326 .7|348 .6/373 .9|402.5 
16 |327 .4 Fe ee ES 7 tee 1 Unwell ee al | a 314 .2/335 .4/3860.4/389 .3 
18 (335 .0/365 .3/401.1). 320 .2|344 .0/372 .2|/404.6 
27 23 10 JJ ewes 346 .0/365 9/388 .9/414 .9|444 .O]|..... 334 .2}349 .8/367 .9/388.3/411. 
12 lame x slopd.. 380791408 51439072... e 342 9/361 .6)/383 .3/407 .8|435. 
Ba line BOSS S95 Gira ZS oe cellhecns, callie meen e 351 .5/3873 .4|398 .7|427.3 
16 ee eA) OEY 77s eerallan ie wlll a aee 360 .2|385.2/414.1/446.8 
18 |f----- PSO Ord PAZ sO lies tee Yoel w'lllonk mnie 368 .8/3897 .0|/429.4 
28 | 24 10 oar eee /371.8 391 .7|414.7/440.7|469.8)|.....]..... 375 .6|393 .7/414.1|436.9 
| | £2 Nieremewses |3882 .91406. 7/434 .3/465.5).....))/..... 368 .7|387 .4|409 . 1/483 .6/461.0 
| 14 Nee eee 393 .9/421.7/453.9/490.3].....]|..... 377 .3)399 .2)424 5/453 .1/485 .0 
16 |404 .9 SONGS (SCO er el mee tent 386 .0/411 .0/439 .9|472 .6 
: ESR ees 2 BLD OVO et LOS ee reas ote titis 394 .6/422 8/455 .2|/492 .0 
| 
29 25 | 100 Wika 398 .7|418 .6/441 .6)/476.6/496.7)|.....)..... 402 .5|420.6/441 .0)463.8 
| eel Neeersas 1409 .8|483 .6/461 .2)492.4/527.4)||..... 395 .6/414.3/436.0/460 . 5/487 .9 
| AR Wheawes eae |420.8 448.6 ASO ShBL. 21. notes 404 .2/426.1/451.4/480.0/511.9 
16 eo os, 431 (8146501 SOOKE] ay eyellioy welll ores 412 .9|437 .9|466.8/499 .5|536.0 
| 18 eee (442. 81478 169520).0) ole calls eee 421 .5|449.7/482.1]518.9 
| 20 eee pee 1A QUADS im sree Wy ms carat lave aces [Jevcee 430 .2}461 .5)/497.5 
30 26 | 12 aes eee 437 .8|461 .6)489 .2/520 .4|555.4)|..... 423 .6/442 .3|464 0/488 .5)515.9 
| 14 eae 1448 .8/476.6/508 .8|545.2|.....\/)..... 432 .2|/454.1/479 .4/508 .0)539 .9 
16 . (459 .8/491 .6/528.4/570.0).....)|..... 440 .9|465 .9|494 .8/527 .5|564.0 
18 herave.<ttee 470.8 506.6/548.0 Beare lKeseis Pectall ieee cater 449 .5|477.7/510.1|546.9 
ZOOL” tara ABT OIB2Y MOC HL ON gaie-r lever egacd|'| @uyls 458 .2|489 5/525 .5|/566.4 
31 27 | 12 I ccueeceacsalt 467.0490 .8/518.4 549 .6)584.6)|.....]..... 471 .5/493 .2}517.7|545.1 
4° shen ee 1478 .0|505 .8|538 .0)574 .4|615.2 461 .4/483 .3/508 .6/537 .2/569 .1 
| MG owas 489.0 H2OESI9D 1, GOO sails nce 470 .1/495.1/524 .0|/556.7/593 .2 
Se Pe th ees 1500; O) DSO: Std dc LAOLE De as 41love ts 478 .7|506 .9/539 .3|/576.1/617 .2 
| PA) en | ei 2 fot te 5 DO 9 D9CLS! 1s slo | 487 .4|518.7|554.7/595.6 
| pe AA a oe SRI Ua onsen aN Mae teen Aeillieee oe INP eon 496.1/530.4/570.1/615.1 
32 28 12 Maekatens 497.3 O2U II DASs MOLD IOLA LO scr s|lpt ees 501 .8/523 .5|548 .0|575.4 
14 Nestane-2 508.3 536 .1/568.3 BOL TIOLS ollie sel 491.7/513.6/538 .9|567.5/599 .4 
16 hey ota e 519.3001. 11587 .91629..5)., 2... 500 .4/525 4/554 .3/587 .0/623.5 
om iets ee (530 3/066..1/007 ..5)/ 654.4) 205. les os 509.0537 .2|/569 .6|606 .4|647 .5 
20 gre Nie 541.4 581 PANG VATA [Nee | hae Ages Deere ae 517 .7/549 .0|585 .0|/625 .9,671.6 
ee alle teeat se 552.4'596.2|646.7/..... | Morciel iicietees 526 .4|560.7'600 .4'645.4 
| | 
33 29 Oe Wisrene en’ (528.6 552 ..4/580.0/611.2 646.2 eee T APA te eens evs 533 ..1/554 .8|579 .3/606.7 
TA 8 Treaties |539 .6|567 .4/599 .6/636 .0/676.8)).....)..... 544 .9'570 .2|598 .8|/630.7 
DA raed lanes See 550 .6)582 4619 .2/660.8)707.4,, 531.7/556.7/585 .6)618 .3/654.8 
Ee HY acta 561 .6|597.4/638.8/685.7|..... | 540 .3/568 .5|600 .9/637 .7|678.8 
Oe) olleeeenite 572.7|612.5|658.4!710.5|..... \Jenees 549 .0/580 .3|616.3|657 .2/702 .9 
| ZO Patent iss Sori Oded oie Ol arent a. c\lveuemers « Nee 557 .7|592 .0|/631.7/676.7 
| 
3b4 30 | Mere) Wall ehoaern sal lhe oro te 584 .8|/612.4/643 .6/678.6)|.....)..... 565 .5|587 .2/611.7/639..1 
| 4 Weis eee 572 .0|599 .81632 .0/668 .4|709.2)|....-]..... 577 .3/602 .6/631 .2|663 .1 
UG! iensaaues 583 .0/614.8/651 .6/693 .2|739.8)|)..... 564 .1/589 .1|618 .0|650.7/687 .2 
TSE eeodares 594 .0|629 .8/671.2|718.1|770.4'|..... 572 .7|600 .9/633 .3/670.1/711.2 
AOS) Wianelcsy 1605 .1'644.9|690.8|742.9 . |Jveees 581 .4/612.7/648 .7|689 6/735 .3 
Daan ee 616.1 659 .9|710.4/767.7|. | 590. 1/624 .4/664.1/709 .1/759.3 
A Nees, eae 1627 VIG74, 9) 730, OW oc les o ee pee i eee 598 .7|636 .2|679..5/728 .6 


105 


TABLE 32 


COLUMNS 


ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
JOINT COMMITTEE RECOMMENDATIONS 


P=Af{1+(n—1)p]| 


Volume of Hooping =1% of Volume of Core 
unsupported engi) ep 


core diameter 


2000-lb. concrete 
1:6 mixture 
n=15 Max. ( 


ale Die Number Square rods 
column core so 
(inches) (inches) 56 3% | KB 1 14g | 134 || % 34 
| | | | 
35 31 14 .4|665 .6;702 .0|742.8]|..... Wits seer 610.91636 2 664.8 696.7 
16 4,685.2) 726 SIT oe Alice: pel at se 622.7651 6 684 3|720.8 
18 .4|704..8/751.7|804.0]|..... 606 3/634 5/666 9\703 .7|744.8 
20 .51024.41776.5) 022. - fo. 5s |615 .0|646 .3 682 .3|723 .2|768.9 
22 SDITESE OPSON, SV eoeee eee obs 623 .7/658 .0'697 .7 742.7|792 .9 
24 AS AGSIRD) HG Gall Fos on \iPoo 52 632 .3'669.8 713 ss 2/817 .0 
36 32 14 LONTOOL TITSG Oe C.cesl cme one) oes oe 645.4 PEM SE 
16 SOUT. TI COL ood Oilicws ess beets cle 657 .2/686 .1\718.8 755.3 
18 .9|739 .3|786 .2|838 .5)|.....)...-- 669 0/701 .4|738 .2|779 .3 
- 20 .0|758 .9|811 .0|869 .2 Tone ates \680 .8\716 .8|757 .7|803 .4 
22 .0/778.5 835 St. ke evetPeos oe backs 692 .5|/732 .2|777 .2|827 .4 
24 BOOS: SOO GUE oye oa lpr aneietel= 704 .3/747 .6|796.7/851.5 
37 33 14 HUNTS ORAL OO L owe | ek el eres evel catetaee 706 .5|735.1 767.0 
16 GCOS OCR Ak barca) mew mes | eretetads 1693 .0'721 .9'754.6)791.1 
18 UTS W822 OTE She. ates oe |704.8 737 .2|774.0\815.1 
20 58179471846. 81905 Olesen lo \716.6/752 .6 793 5/839 .2 
22 .8 814.3 iy GRC eee ee ral fer teen |728 .3|768 .0.813 .0 863.2 
24 .SI8ae. 9 SOG28. so. H aetecceys ere ate 740.1/783.4/832.5|887.3 
26 S\Sos ra Oe Laie x aie a se fects se fe tales picthe ao 911.3 
38 34 14 BIE (2 SOOO! RSS SOLES ore coal toe cyl ooemen 743 .3|771.9 803.8 
16 .5}792 .3 833 .9/880.5)| . ies |729 .8|758.7\791 .4'827 .9 
18 »bI8l1 9185S. SiO) Bi at see ck \741 6|774.0|810.8 851.9 
20 5 .6|831 .5|883 .6)941.8)|/..... | state oe 753. 4\789 .4/830.3 876.0 
22 .6 851.1 QOS 419 62 CAN sree ewe ok 765 1 804.8849 .8 900.0 
24 .6/870.7 933.2 BOSON Mee | sae |776.9 820.2869 .3)924.1 
26 {6)S9OL3{( O58 OE or, scallificre cia fe emo 788.7 835.6 888.8 948.1 
| | 
39 35 14 OSLO. ISS Tei SS Coe Mic cms le areel eee ore 781.3)809 .9|841.8 
loos ot 3',5/830.3 871 .9/918.5]|..... epee 767 .8\796.7 829 .4865.9 
18 .5/849 9896.8 949 .1}/..... fers ee 779.6 812.0 848 .8)889 .9 
20 .6)869.5 921.6/979. 8)| attain Heirs, ote cg 791.4/827.4'868.3:914.0 
22 -6/889 1,946.4 EOLG oe ilneeecd 803 .1|842 .8/887 .8/938 .0 
24 G1908. ZiOt 1.2) LOS oe. 200 es 814 .9/858 .2|907 .3/962.1 
26 6 928.3)}096..0): See | RE on AEN 826 .7/873.6 926.8 986.1 
40 36 16 S01860)-SIGIOGI9S Cao cenlee colons 835.7 868 .4.904.9 
18 \| 9/888 .9/935.8/988.1)).....]..... 818.6 851.0 887.8928 .9 
20 | 2.6/908.5|960.6} 1019)|..... [ortosous 830.4866 .4,907.3,953.0 
PP .6)928 .1/985.4} 1049). Pec 842 .1/881.8'926.8/977.0 
24 2.6|947.7! 1010] 1080)/.....]..... 853 .9'897.2.946.3| 1001 
ae | sh e\tsty AMNNE | ce cle sese (865 7/912 .61965.8 1025 
\ | 9). BOGAN 5s itheed «tae eee es 877 .5|928 .0/985.3} 1049 
11 37 16 | 4951.0 997.6 875.819 
NEE Rese olebacel lace .8 1908.5 945.0 
a8 | 0975.9 1028 Santora avert 858 .7|891.1)927 .9|969 .0 
20 1001 HOSOI Gar eileen 870 .5|906 .5|947 .4,993.1 
Be 1025 TOSOI eee lean 882 .2/921 .9/966.9} 1017 
a {| 1050 UAH eee! |sactoe 894 .0/937 .3/986.4| 1041 
26 LOPS) TESTS eee [Soo 905 .8/952.2| 1006) 1065 
2 POO ce alae oe 917.6968.1| 1025) 1089 
¢ oO | 
42 38 re te | .9\950.7, 992.3) 1039]|..... Ice ett eae 917.1,949.8,986.3 
ae tes 1017 TOGO eee ai veces lee *...|/932.4'969.2) 1010 
2( | | 44.0, -9| 1042) 1100,)..... Pro ate 911.8947 .8,988.7| 1034 
22 959.0) 
a Saka wha am ome 59.0} 1009) 1067} 11381})..... Hee ReGen 923 .5,963.2| 1008! 1058 
as Jor cestar cas |974.0) 1029| 1092] 1161]|..... hecue x 935 .3\978.6, 1028) 1083 
26 ees 98910) 2049) EL BG ATO Sil aero 947 .1|994.0} 1047) 1107 
28 be becere 5 \adereed 1004) 1068] 1141) 1223)|.....)..... 958.9) 1009) 1067 1131 
SOR eal nee LOLS MOSS iaeLGGiine «etter Nouns 970.7) 1025| 1086) 1155 
| \ | | 
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TABLE 32 


COLUMNS 


ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
JOINT COMMITTEE RECOMMENDATIONS 


P=Af{1+(n—1)p] 


Volume of Hooping =1% of Volume of Core 7090-1. concrete 


Diameter 


unsupported length 1:6 mixture 
Max. ( ; ) =10 n=15 
core diameter f.=700 


43 


39: 


ae of prom per | Square rods Round rods 
column core £ | Thea Tate ah 
Gnehes) | (inches) | 728 || 56 | 34 | 26 | 1 | 1K | 1% 
| 


TABLE 33 


COLUMNS 


ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
JOINT COMMITTEE RECOMMENDATIONS 
P=Af{1+(n—1)p] 
ete ae ota” Volume of Hooping =1% of Volume of Core 
4 Ma (wesupeees went aaa 


core diameter 


Size Diameter | Square rods 
of ai hae : el ‘ | . 
column core nade | | | 
(inches) | (inches) 56 | 34 | w% | 1 | Ue | 1s | 51 34 | w%] 1 | 16 | 1K 
iz fee ers L ae Le . | 
12 6 | 61) | 
13 9 6 78 | | 73| | 
8 79 | 
14 10 6 91 at eel | ....|| se] 944 | 
8 98 shoe oe tH 92 
15 11 6 105) 115 | || 100] 108) 117 
8 113, || 106} 116| 
10 i eee | eer tls 
Gy yp ae 6 121) 131 . 116 
8 128, 141 4 122 
| 10 TEYa) Goce ot eee 128 
17 13 6 138] 148] 159 133) 
| 8 145| 158 | 139] 
10 P53 |e [eee || 145 
18 * 14 6 156] 166, 178] 191/ ....| ....|| 152 
8 164A TUT RAO SN eel ren cee WT Se 
10 Lal) LS Ole creer. | 163 
12 aa Hiolk eeoors 169) 


315 


341 
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' TABLE 33 


COLUMNS 
ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
JOINT COMMITTEE RECOMMENDATIONS 
P=Af{1+(n—1)p]| 
Volume of Hooping =1% of Volume of Core tne 
Max. (Hzsupported to) BP nat? : 
core diameter f, =870 


Diameter | || Square rods Round rods 

of | eee. : : 5 
core | 

(inches) 


22 


109 


TABLE 33 


COLUMNS 


ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
JOINT COMMITTEE RECOMMENDATIONS 


y P=Af|1+(n—1)p] 
ie een Volume of Hooping =1% of Volume of Core 


n=12 Nox (seer e eam engin aa 
core diameter 


Size Diameter | Square rods 


ae Be Number 
column core ce 
(inches) | (inches) rous 56 | 34 4 y re paees | el 


35 31 


ee 


TABLE 33 


COLUMNS 


ROUND CORED HOOPED COLUMNS 
‘ SAFE LOAD IN THOUSANDS OF POUNDS 
JOINT COMMITTEE RECOMMENDATIONS 


P=Af{1+(n—1)p| 


Volume of Hooping =1% of Volume of Core 2500-lb. concrete 


1:414 mixture 
Max. (Hnsupported length) -10 PASS 
core diameter f, =870 


Diameter Square rods Round rods 
of 
core 


(inches) (inches) 


Number 


43 39 


1686 


ae eee ee 1602 
Bera Vago al ee al a 1626 
| | 1650 
1674 
1699 
ied Pa T! 1723 
| ee aeeey 371| 1747 
1688 
1712 
1736 
1761 
1785 
1809 


' ; TABLE 34 


COLUMNS 


ROUND CORED HOOPED COLUMNS 


SAFE LOAD IN THOUSANDS OF POUNDS (ee 
JOINT COMMITTEE RECOMMENDATIONS GAP 


{ P=Af{1+(n—1)p) 
3000-16. concrete Yolume of Hooping =1% of Volume of Core 


1:3 mixture 
n=10 Atag: ( unsupported oe) 40 
f, =1050 core diameter 


Naumber Square rods Round rods 


of 


rods i 


Diameter 
oO 


; core 
(inches) (inches) 


12 
13 


14 


15 


_ 


ras 


i —_ 
NOMD CHD COD COM OR DD D 


io 


TABLE 34 


COLUMNS 


ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
JOINT COMMITTEE RECOMMENDATIONS 
P=Af{1+(n—1)p| i 
Volume of Hooping =1% of Volume of Core SOs COL ee 
Max (Sees oe) 10 


: n=10 
core diameter f,=1050 


of 
core 
(inches) 


Diameter Square rods Round rods 


22 


113 


TABLE 34 


COLUMNS 


ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
JOINT COMMITTEE RECOMMENDATIONS 


P=Af{1+(n—1)p] 


3000-1b. concrete Volume of Hooping =1% of Volume of Core 


1:3 mixture ¢ 
n=10 Mac (Stiupporte’ engin) 7, 
f, =1050 core diameter 


ee Square rods 

° 
core 

(inches) (inches) 


35 31 


TABLE 34 


COLUMNS 


ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
JOINT COMMITTEE RECOMMENDATIONS 


P2AT Ge 1p] 
Volume of Hooping =1% of Volume of Core 3209-10. concrete 


unsupported length 1:3 mixture 
Max. ( PP : g =10 n=10 
core diameter - f,=1050 
pize Paes Number \| Square rods | Round rods 
column _core ou | | ees : 
(inches) | (inches) S 3 | 34 | 1% | ue) ESN SBE IN seey sell Seah ty, iy SOEs || IRUA 
| | | 
43 39 16 ener LSCOIA0G 144614 Olle lata) eel S73) 1405 eta a0) 
18 Hence en LSSo doa ATO AS2ON tee NS we Tees aos etaes 
20 1399| 1443] 1494] 1550! 1368] 1403] 1442] 1486 
22 1414) 1462] 1517] 1579 1379| 1418] 1461] 1509 
24 1428] 1481] 1541] 1609 1391} 1432] 1480] 1533 
26 | 1442) 1500] 1565) 1638 1402} 1447] 1499] 1556 
28 1457) 1519} 1589] 1668) 1413} 1462] 1517] 1579 
30 | 1471| 1538) 1613] 1697 1425) 1477| 1536) 1602 
| 44 40 16 1471} 1511] 1556 1438] 1470] 1505 
18 | 1450] 1490| 1535] 1585 1453] 1489] 1528 
20 | 1464| 1508] 1559| 1615 ....| 1468] 1507] 1551 
22 |] | 1479| 1527| 1583) 1644 1444! 1483] 1526] 1575 
24 | 1493) 1546) 1606] 1674) 1456] 1498) 1545] 1598 
26 .| 1508] 1565| 1630] 1703 1467] 1512| 1564] 1621 
28 1522] 1584] 1654| 1733 1479) 1527| 1582] 1644 
30 1536| 1603) 1678] 1762 1490] 1542] 1601) 1667 
45 41 18 eel eit Sia 1556), L602) W652i. 1 . =. les S20 THSSe ooD 
20 ee eee 1530 1575/1626) 1682) io.) | e535) 1574 tons 
22 | ....| ..-.| 1545] 1594} 1649] 1711|| ....| ....] 1511] 1550] 1593] 1641 
24 eee oeiet 560\ 1603! 1675) L74tie oe. | ah 1523! 1564) L6loN tes 
26 Miners eel Poze ES2I GOTT TZN) 6 len) 1534 1579) 168k cess 
28 eeeet 222! 1589) 1651) 1721 1800 4)..) 2.5) 1545) 1594) lesoh Wall 
30 || ----| ----| 1603) 1670] 1745] 1829]| ....| ....) 1557] 1609) 1668) 1734 
| | 
46 42 18 ee seal 1625) 1670\e1 720llhe els aan 15s8|eto24 1663 
20 fee eee oy le 1599) 61644) 1694) 17501 ee se) es sl L608h 1643) 1687 
22 ee eee G14) TE6a\ et 7sl 1780 eo oii lie LG LS hGGt neleanlO 
24 |) ....| ...-]| 1628] 1681] 1742) 1809]| ....| ....| 1591) 1633] 1680) 1733 
26 || ....) ....| 1643] 1700] 1766] 1839]| ....| ....] 1602] 1648] 1699] 1756 
28 | 2...) 2...) 1657) 1719) 1790) 1868)| ....| ...=| 1614) 1662] 1'718) 1279 
30 Sere sl 16721788), 1813) SOS a aeule oss 6251) 16770 d7solnsos 
Ap 43 18 Wore ssa ces |eUGOS|| N74 Ohel OU es cet s.. all amy ,|| res PLOO4 aad 
20 eis gues 1670) W714 W764 18201 2.2! . 2.5). 1678) Vals zon 
| 22 ee NGS) Moon l7 SS) 155.0| ie ete lee LOSS sds 
| 24 e608 1752) SUS S70 ty tales gee 7 Ooinibi5 Ole. 
| 26 pe) =. 1713) 1771, 1836) 1909]! ©... | ee. 21 1673/1718) 1769" 1826 
28 || ....| ..-.] 1727] 1789] 1860) 1938]| ....| ....] 1684] 1733] 1788] 1850 
30 || ....| ....] 1742] 1808] 1884] 1968]|.....| ....] 1695] 1747| 1807) 1873 
48 44 18 Kes al ei asec || Gd TES SIR ae al all oon. | GG ews 
| 20 ee 7401786) 1836) SOD ol wares oes le L74b eiasases 
| 22 Meee 7561804) 1860) 192 2. oo, nani. 5 L780) LSOs esa 
| 24 Nise ey. SIREZ TOMAR IG USS4| LOST Hire tall ante leeeeilLntb) LS oo tellers 
| 26 | ....| ....]| 1785] 1842] 1907] 1980|| .~..| ....] 1744] 1790] 1841] 1898 
| 28 | | ....| 1799] 1861] 1931! 2010]| ....| ....] 1756] 1804] 1860] 1921 
| 30 | 1814] 19880] 1955| 2039|| ....| ....| 1767] 1819] 1879] 1944 
49 45 18 ee eee TSA0 DSSo EL OsOliieas Gal cosaral) tes cdlieeet ee SAO) mesa 
| 20 eee TS 5 OO09 OGD calc «cl aca ene LSoS loos 
22 _.--| ..-.| 1829] 1878] 1933] 1995|| ....] ....] ....| 1833) 1877) 1925 
| 24 eee all) 1844) 1897) 1957) 20241|.. I)... 72)... .|) 1848) 1895) lode 
26 eel a etS5S1 TOV! MOS 2064 (025 cl cela caer) 186s OLA aloe 
28 || ....| ....] 1873] 1935] 2005] 2083]; ....] ....| 1829] 1878] 1933] 1995 
| 30 || ....] ....] 1887] 1953] 2029] 2113]! ....] ....| 1840) 1893] 1952) 2118 
\ 50 46 20 ornl secs! cee EZ) REZ OLN Teen eon ell camel peel OBE) lelel/ 
22 -...] ....| 1904] 1953] 2008] 2070|) ....] ....| ....] 1908) 1952] 2000 
24 eee 1919] 197212082) 2099] 2.22) 2.0) ee 1923)51970) "2023 
26 -) | ....) 1933] 1991] 2056] 2129] ..-..| ....| ....] 1938] 1989) 2047 
| 28 ‘...| ....| 1948] 2010] 2080] 2159]| ....] ....} 1904} 1953) 2008} 2070 
| 30 _.. | 1... | 1962] 2029] 2104] 2188]| ....| ....] 1915] 1968; 2027) 2093 
1 


TABLE 35 


COLUMNS 
ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS ; 
AMERICAN CONCRETE INSTITUTE (ae 
RECOMMENDATIONS ~ 
2000-lb. concrete P=Af.(1+4np’) +(n—1)p] 
1:6 mixture unsupported length 
n=15 Max. ai t =15 
f. —500 iameter 


Spirals 


Size Diam- we 
cof eter abo sis | | 
column | of core Size No. : | 
Pitch Per cent rods | lé 1 1% 132 


pieces) py} Gaches) ae boy (inches) | of core 


6 
+'8 
10 
3/0 154 2 6 
8 
10 
17 13 Sra! 134 1 6 
| 8 
(| 10 

4/0 1% 2 | Che eee 

8 
10 
6 
8 
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TABLE 35 


COLUMNS 

ROUND CORED HOOPED COLUMNS 

SAFE LOAD IN THOUSANDS OF POUNDS 
OE ates AMERICAN CONCRETE INSTITUTE ‘i 
d RECOMMENDATIONS 
: Shed head ees (n eel 2000-lb. concrete 
unsupported lengt 1:6 mixture 
Max. ( diameter ) oie n=15 

f, =500 


; | : | Spirals Size of vertical round rods 
i Size | Diam- | 
} of eter | Sas 
column of core Size No. . | 
4 0 Pitch | P t “ Z 
| (inches) | (inches) | CS om | Gnches) oriocce rods | 5g 34 1g 1 114 114 
| | | 
21 Drie || 2/0 2 1 8 199 | 206 | 215-1226 | 237 
10 ep || ple) || See way, 
12 207 || 219) 232 
14 212 | 225 | 241 
| 6/0 174 2 \| 8 bese fl -oono Meee) BR evi, 
| || 10 svc || Bea Ieee | Sty 
| | i] 12 287 | 300 
| 14 293 | 309 
| 3/0 244 1 | 8 cen PE PR | eS Ga || eee 
| 10 DP || OB || DAG] Ta) | ae 
| |] 12 229 | 241 | 254] 270 
| |] 14 234 | 247 | 263 
7/0 wil 42 2 8 mane 324 | 336] 349 
10 es o2e 335.1) e350 
|| 12 Sia) 330)|) 9846 
\| 14 323 |) 339 
| 3/0 | 214 1 8 252 | 260 | 271 | 282 | 296 
|| 10 248 | 258 | 269 | 282 | 296 
| 12 253 || 264 || 277 || 1298 
{| 14 257 | 270 | 286 | 304 
| || LGN ell 2760lm2o4 
mow ME BE Suh = 8 fe Glee enh coomeiiah ts PESECT HB6aRlEaat 
\ 10 aoe | otra. | eek (Steal) S¥3n 
| I} 12 362 | 378 
| 14) |) 355 | 370] 389 
| | Lv mek ole SOL 2ee370 
arti iste hod I gee Noel 976 | 985 | 5 2984| 307°) 306 
10 piel 2824 |mk293, 1306 12 olin soy 
12 277 | 288 | 302 | 317] 335 
| 14 281 | 295 | 310] 328 
| 16 286 | 301 | 319 | 339 
| | | \| 
| | | | 
| Lge 2 8 Pe eevee OO aca Ole ents 
WP tO eee | cig aten RE ce OT lar tira 3 
| | 12 : : 396 | 412 | 429 
| 14 405 | 423 
| 16 | 395 | 413 | 434 
214 1 10 | 8084le S19) S82 | B4aeleae3 
we Be 12 || 303| 314] 328| 343 | 361 
14 307 | 320] 336 | 354 
16 311 | 327 | 344 | 365 
| 3% 2 | 10 jee Norte Weeeen CRG iil | aay 
1 rie Mes | 12 Scie lags 432 | 447 | 465 
|| | 14 rl eae 440 | 458 
| 16 .... | 430] 448 | 469 
a 
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TABLE 35 


COLUMNS 
ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
AMERICAN CONCRETE INSTITUTE 
RECOMMENDATIONS 

2000-lb. concrete P=AfiZ ae Sarat patg 

1:6 mixture unsupported length\ _ 

n=15 Max. ( diameter ) mae 

f, =500 


Spirals 

Diam- : ————— | ‘i 
eter || eee aed | 

: of core Pitch | Percent | rods | 

(inches) | (inches) - 8. (inches) | of core | 


TABLE 35 


COLUMNS 
ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
AMERICAN CONCRETE INSTITUTE 
RECOMMENDATIONS 
P=Af,[(1+4np’) +(n—1)p] 2000-1b. concrete 
Max. unsupported net) =15 pee 
diameter P SEHD 


Spirals | Size of vertical round rods 
Diam- S ee 
= a |, Num a Sati ; 
eter , Number 


of 
of core crepe ih 
dichas) i)’ Gnohes) Pitch Per cent rods 


| (inches) of core 
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TABLE 385 


COLUMNS 
ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
AMERICAN CONCRETE INSTITUTE poate se 
RECOMMENDATIONS eR 

2000-1b. concrete . P=Af{(1+4np’) +(n—1)p] 
sient re Max. (Sasupnories engin) 15 
f. —500 iameter 


Spirals 


(inches) | (inches) Gacuay ge dcart: 


2% 


TABLE 35 


(inches) 


Diam- 
eter 
of core 
(inches) 


COLUMNS 
ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
AMERICAN CONCRETE INSTITUTE 
RECOMMENDATIONS 
P=Af,{(1+4np')+(n—1)p] 2000-lb. concrete 
unsupported length 1:6 mixture 
Max. = =15 =15 
diameter 7508 


Spirals Size of vertical round rods 


Pitch Per cent 
(inches) of core 


28 
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TABLE 35 


COLUMNS 
ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
AMERICAN CONCRETE INSTITUTE (<i 
RECOMMENDATIONS eR 
2000-lb. concrete P=Af,[(1+4np’) +(n—1)p] 
CE ate rel (see vee’) 15 
aery diameter 


Spirals | | Size of vertical round rods 

Diam- | a5 
eter | | | | | 

of core i . {| | 

. y Pitch Per cent P | | 

(Gnches) me (inches) of core || | | 4 


2 
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TABLE 36 


COLUMNS 
ROUND CORED HOOPED COLUMNS 
: SAFE LOAD IN THOUSANDS OF POUNDS 
eat AMERICAN CONCRETE INSTITUTE 
RECOMMENDATIONS 
P=Af,[(1+4np’)+(n—1)p| 2500-1b. concrete 
M unsupported length 1:416 mixture 
ax. ‘ =15 =12 
diameter } har 


: : Spirals | | Size of vertical round rods 
Size Diam- | | 
of eter | x Number | a — 
column of core Size No. : 2 
: Pitch Per cent rods 
(inches) | (inches) | C aS (escheat | bok gexec | || 56 34 1g 1 1% 14 
| I, 
12 8 6 1\y 1 6—| 59 
eS |. 
13 ome 5 ree ok 6 71 
| 8 76 
| | 
14 10 || 4 116 1 6 85 91 
8 89 
15 11 3 POTS COnl™ wit Gin eeLOOn mosis tis 
| 8 105 | 112 
| 10 || 109 
16 12 2 pS EAS so | 6 117) |= 1285\= 129 
S|) ae sie 
| LO |i = 26535 
3/0 15 2 Coeallieee Meda za ates 
| 8 || 155 | 163 | 
| | 10 ~|| 160]| 169 
ne | } - 
17 1300) 1 EA | ak 6 135 | 141 | 148 
| | 8 140 147 156 
10 144 | 153 
| | | 
| 4/0 Ws {| oe i] 6 5. |) ASE RE |) FIGS 
| | 8 jae || Tee I age 
10 184 | 193 
tee Se 1 134 1 | 6 Nye |Peaical |) alae) eas 
I} Soe) eel aye Tlass 
| | 10 163 | 173 | 184 
12 168 | 179 
| 4/0 137) 2 | 6 Bel 248. ean 
| 8 a PRES |e POD 
10 210 | 219} 230 
12 214 | 225 
15 0 alee 1 6 176 | 182] 188] 196] 204 
2? om, sg || 180] 188} 196] 207 
| 10 184 | 194] 205 
12 189 | 200 
5/0 1% 2 6 x aon | O2Gl || gio) xs 
ef a 8 "| "941 | 250] 260 
{| 10 ca |) BE DE 
12 242 | 253 
Cae 2/0 2% 1 8 203 | 210| 219] 229) 241 
- ‘ : 2 | 10 207| 216| 227] 240 
| 12 211 | 222) 236 
14 216 | 229 
6/0 2 2 8 yon | CF |) OR | Ra 
10 277 | 288] 300 
| 12 283 | 296 
| 14 i 27690289 
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TABLE 36 


COLUMNS 
ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
AMERICAN CONCRETE INSTITUTE 
RECOMMENDATIONS 
2500-lb. concrete P=Af,[(1+4np’) +(n—1)p] 
1:41 mixture unsupported length 
=12 Max. ; —) =15 
n diameter 
f, =625 
Spirals Size of vertical round rods 
Size Diam- 
o Sse Size N ee 
cela Miners i heres aze NO. Pitch Per cent rods 7 
(inches) (inches) So ree (inches) of core 54 3% K% 1 14 1% 
21 17 2/0 2 1 8 227 | 234 | 243] 253 | 265 
10 231 | 240] 251 | 264 
12 235 | 246] 260 
14 240 | 253} 268 
6/0 1% 2 8 snail acke ee shio| Sootnaesss 
10 Sea ose te SL Oh ae 332 
12 . 314 | 328 
14 321 | 336 
22 18 3/0 24 1 | 8 ee 260] 268| 279] 290] 303 
10 257 | 266 | 277/ 289] 304 
12 261 | 272] 285] 300 
14 265 | 278 | 293 
7/0 2 2 8 ricx be eeeenl ewer 355 | 366! 379 
TO iid ee sos ile Segaecsso 
12 348 | 361 | 377 
14 || 354 | 370 
23 19 ‘|| 3/0 2 1 8 See 286) )) 205 S054 cai aes 
10 283 | 293] 304] 316] 331 
12 288 | 299] 312] 327 
| 14 || 292] 305} 320| 338 
16 296 | 311 | 328 | 
7/0 1% 2 8 ee | eee eee 391 | 402] 415 
10 Seem iMaton. | e580 ee Ole maa 
12 397 | 412 
14 390 | 405 | 423 
16 396 | 414 
24 20° 3/0 2 l 8 315 | 324| 334] 345| 358 
10 Air: S2E "| 3325] S450 S59nlasrs 
12 316 | 327] 340] 355] 373 
| 14 320 | 333] 348] 366 
16 324: 389,| 857) 377 
7/0 17% 2 8 Son's, ||) eee | aoc alee 4 2S tA On meine 
10 nce [disuse [eoeetall 4o0le 5 om merco 
12 cos | seem |) 435 eas Ouleetey 
| 14 443 | 461 
16 434} 451 | 471 
25 21 4/0 24% 1 10 Si 350 | 361 | 374] 388] 404 
12 345 | 356] 369] 385] 402 
14 349 | 362] 378] 395 
16 354 | 368 | 386 | 406 
7/0 134 2 10 wriese ||) ceteoa lh eee Ma ZS ale oar eS OS 
12 Sine «| Seeker 745i ee eeOulimeaoG 
14 Soo |S Sal) eee agar 
16 aie 473 | 490] 510 
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TABLE 36 


(inches) 


eter 
of core 
(inches) 


COLUMNS 
ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
AMERICAN CONCRETE INSTITUTE 
RECOMMENDATIONS 
P=Af,[(1+4np’) +(n—1)p] 2500-1b. concrete 
unsupported length 1:4144 mixture 
Max. ( ————!_——_) = 15 =12 
diameter , 625 


Spirals Size of vertical round rods 


Rene Pitch Per cent 


W. Co.) (inches) of core 


4/0 236 


TABLE 36 


COLUMNS 
ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
AMERICAN CONCRETE INSTITUTE “elumn 
RECOMMENDATIONS 
2500-lb. concrete P=Af,[(1+4np’)+(n—1)p] 
1:4144 mixture unsupported length 
n=12 are diameter ae 
f, =625 


Spirals Size of vertical round rods 


of core i 
(inches) | Gnches) cn Gates Pee 


248 
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' TABLE 36 


COLUMNS 
ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 

AMERICAN CONCRETE INSTITUTE 

RECOMMENDATIONS 

P=Af,.[(1+4np’) +(n—1)p] 2500-lb. concrete 
aaa (Seeeerereg jeneth =15 1:4)4 mixture 
‘ diameter a b = re 


Spirals Size of vertical round rods 
oe Number 


of core Size No. Pitch c 


Genchicsy siGinelicn)-1 (A. S.& W,| (inches) rods 


6/0 28 
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TABLE 36 


COLUMNS 


ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 


AMERICAN CONCRETE INSTITUTE a ees 
RECOMMENDATIONS AER 


2500-1b. concrete P=Af,{[(1+4np’) +(n—1)p] 
1:416 mixture unsupported cnet) = 
12 tents diameter 2 
f, =625 


Spirals 


; Pitch Per cent 
Gnches) tira (inches) of core 


26 
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TABLE 36 


COLUMNS 
ROUND CORED HOOPED COLUMNS 
, SAFE LOAD IN THOUSANDS OF POUNDS 
ee AMERICAN CONCRETE INSTITUTE 
— RECOMMENDATIONS 
_ P=Aft[(1+4np’)+(n—1)p] 2500-lb. concrete 
unsupported length 1:416 mixture 
Max. 5 ) =15 = 19; 
diameter A aoe 


Spirals | vertical round rods 


eter 
of core Size No. Pitch 


(inches) | (inches) ae Ww. Gnchica) 


1% 


TABLE 37 


COLUMNS 
ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
AMERICAN CONCRETE INSTITUTE eee | = 
RECOMMENDATIONS a ee 
3000-lb. concrete P=Af.{(1+4np’) +(n—1)p} 
1:3 mixture unsupported length 
Max. : sie 
Te 12 diameter 
f, =750 
Spirals Size of vertical round rods 
Size Diam- Number 
of eter nee of 
column | of core ize No. Pitch Pp t 4 F P aN 
(inches) | (inches) nS we Gnchies) pe eats | % 44 % a 1% 14 
| | 
| 1 ] 
12 8 6 1\% 1 | Ge] 71 
13 9 5 144 1 6 || 86 | 
Pi tea 
14 10 4 14 1 | 6 i] 202 109 | 
So acer 
15 11 3 156 1 Gi estar Nieato7 ss 
8 126] 135 
1G) ai aia 
ae 12 2 13% 1 | 6 || 141] 147] 155 | 
8 146 | 155 
10 151 | 162 
| | 
3/0 15% 2 \| 6 As 188 196 | 
|| 8 186 | 195 
LOe 91s e203 
17 | 134 | 1 6 || 162| 169] 177| 186 
Si 1674 F764 87 
| 10 || 472) tas4 
4/0 134 2 | 6 |l..-. | 997 | 925 | o96 
8 5 | 224) 935 
| 10 220] 231 | 
18 4 || 1 IP marie, 1 6 186 | 193 | 201 | 210 
| 8 191 | 300 | 210) 
| 10 196 | 207] 220 
| 12 201 | 215 | 
4/0 134 2 | 62 eee tessa Ihr Gilles 
|| 8 =a. | 255 | 266 
10 251 | 263| 276 | 
12 257 | 270 | 
19 15 0 oo ies! 6 || 211 | 218] 226] 235| 245 
sg || 216] 225] 236] 248 
| to |} 291 |) 233] S46 | 
12 || 2296 | 240 
5/0 1% 2 Be sesce, ee. || Sey) ate] sae 
| SO ea SOOO smear 
i 10 296 | 309 
12 290 | 303 
20 16 2/0 | 2% 1 | 8 || 243| 252] 263) 275] 289 
| 10 || 248] 260] 273] 288 
12 254 | 267 | 283 | 
14 259 | 274 
6/0 2 2 8 Seo. | ees | SR SEGA SYR 
10 Soca | EER Sets le yan 
12 Sane | SEO |) Sa 
14 Sot ee a7 
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TABLE 37 


; COLUMNS 
ROUND CORED HOOPED COLUMNS 
: SAFE LOAD IN THOUSANDS OF POUNDS 
es AMERICAN CONCRETE INSTITUTE 
a RECOMMENDATIONS 
P=Af{[(i+4np’)+(n—1)p]| peehrate concrete 
. ixt 
Moe ae engthh 15 a oe ure 
\ diameter f. —750 


Spirals Size of vertical round rods 


eter 


of core Size No. Pitch 


: Per cent 
Reckes (4 a at (inches) of core 
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TABLE 37 


COLUMNS 


ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
AMERICAN CONCRETE INSTITUTE 


RECOMMENDATIONS 
3000-lb. concrete P=Af,[(1+4np’) +(n—1)p] 
1:3 mixture unsupported length 
eee Max. PP 2 =15 
diameter 
f,=750 
' : Spirals 
Size Diam- N 
of eter bs sea 
column | of core || Size No. | pitch | Percent || rod 
(inches) | (inches) CG. es & Gaches of ie ods 5g 34 % | i 14% 14 
° oO. 
26 22 4/0 2v 1 10 ...; | 458 | 472] 487 | 504+) “528 
12 .... | 466|° 481} 500] 520] 543 
14 457 | 473} 491] 513] 537 
16 462 | 480] 501} 526 
18 467 488 511 539 
7/0 154 2 10 Sree asl eee | Lewes 623 | 641 | 660 
12 AR eee ea is Ae oo 636 | 657 | 680 
14 628 | 649 | 674 
16 638 662 
18 624 | 648] 675 
27 23 4/0 DUA 1 10 Lee } 498 |) Sit s26 4 Sa ses 
12 ice: 505 | 521] 539 | 560] 583 
| 14 497 | 512] 531] 552]! 576 
16 502 | 520| 541| 565] 592 
18 507 | 527 | 551 | 578 
7/0 154 2 10 693 | 712 
12 688 | 709 | 732 
14 680 | 701 | 726 
16 690 | 714] 742 
18 700 | 727 
28 24 4/0 2 1 10 a eee 552 | 567 | 584 | 603 
| 12 See 546 | 562] 580] 601 | 623 
14 ees 553 | 572| 593 | 617} 644 
16 543 | 560| 581 | 606 | 633 
18 548 | 568 | 591] 619 | 650 
7/0 14 2 a 747 | 766 
2 743 763 786 
14 756 780 806 
16 744 | 769 | 796 
18 754.) 732"! 313 
29 25 5/0 2314 1 10 PAE a |i a 594 610| 627 | 646 
12 ee 589 | 604 | 623 | 643] 666 
14 .... | 596] 614] 636| 660] 687 
16 585 | 603 | 624| 648 | 676 | 707 
18 590 | 610| 634] 661 | 692 
20 595 | 618 | 644 | 674 
7/0 116 2 10 Benen) (eee Meee 804 | 823 
12 SI scare | een | eee 820 | 843 
14 812 | 836] 863 
16 825 | 853 | 884 
18 Sil Jee Sssaieseo 
20 821 | 851 
30 26 5/0 2 1 12 Pm. 633 | 649] 667] 688 | 711 
14 mts 640 | 659 | 680 | 704] 731 
16 beens 648 669 693 720 751 
18 635 655 678 706 Cou 
20 640 | 662} 688] 719 | 753 
7/0 1146 1.93 12 rene vere Sat Cr 867 890 
14 rates 859 | 883 | 910 
16 872 | 900] 930 
18 858 885 916 
20 868 | 898 | 932 
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TABLE 37 


COLUMNS 

ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
AMERICAN CONCRETE INSTITUTE 
RECOMMENDATIONS 
7a tens COUP 3000-lb. concrete 
unsupported length\ _ 1:3 mixture 
Max. ( diameter ) Ja Hg 


Spirals | Size of vertical round-rods 
Size Diam- | N 
of eter red 
column of core Size No. * o 
iF : wh Per s , , 
(inches) | (inches) || (A. 8. & Le peocnt rods agi istag. || 71g (ae 
31 27 5/0 2 1 12a 695 | 713 | 734 | 757 
14 687 | 705} 726] 750| 777 
16 | 694 | 715 | 739 | 767 | 797 
18 ee ODe | enT2 5 ee r5On mes selmmesits 
20 686 | 708 | 735 | 765 | 800 
22 691 |) 716 | ev45\" 778 |) Sie 
7/0 1% 1.86 12 910] 933 
14 902 | 926 | 953 
| 16 915 | 943 | 974 
| 18 901 | 928} 959 | 994 
20 911 | 941] 976 
22 921 | 954] 992 
32 28 5/0 2 1 12 elas (se orlmezOlalieySoelaesus 
| 14 Sane I EN SN PE AB || SE 
| | | 16 || 742 | 763 | 787 | 815 | 845 
13) 749 | 773 | 800] 831] 866 
20d 756 | 783 | 813] 848| 886 
| | 22 729 | 764 | 793 | 826] 864 
7/0 1% 1.80 12 Pr ell eae Sam mera Mee) MMP mot ayh EEN 
14 calle ee eee neo 5 0m MOT 4a eto Ol 
| 16 ... | 963 | 990 | 1021 
| 18 Peo ZG alnCO vale 04a 
20 958 | 989 | 1023 | 1061 
| 22 968 | 1002 | 1039 
3: 29 6/0 21 1 | 12 Joc Woesee | GB ui] ee, | “Sins 
) 3 ; "4 14 eS ack fe sneer S03) 1 S220) S28) sib 
16 Pall 7OlsimrSl2elmeSS7 S62 |meSos 
| 18 pclae 799" |e S22" N R5ORm SS im lmOns 
|| 20 .... | 806 | 832] 863] 897 | 936 
|| 22 || 789 | 813 | 842] 876| 913 
| | 
14% hay ee 12 ‘|i 1004 | 1027 
ge ie 14 1020 | 1047 
16 1009 | 1037 | 1067 
18 1022 | 1053 | 1088 
20 1005 | 1035 | 1070 | 1108 
| 22 1015 | 1048°| 1086 
; ; oY 1 12 844 | g62]| 883] 906 
es Dae ore os 14 elie 854.) es75nleesooningze 
WG Ngee lh OR |p SGI SEE Gals: || GAG 
18 | KO EO Soil) Re) Oar 
20 _... | 857 | 884 | 914] 949 | 987 
22 ‘|| .... | 865 | 894 | 927 | 965 | 1007 
24 | 845 | 872] 904 | 940] 981 
i “% 67 12 ll a dell eeih ee el LO Som anOze 
H 408 1% i 14 Ses eo Allaee MMe Whainas dt aareve 
16 ee ee emia05 Sa leno Soa mule 
18 otll ee Wace ahi I) maka || ni 
20 rate, *. | 1054 | 1084 | 1118 | 1157 
| 22 alee ee LOGSe LOO calm oon mala 
\ 24 are) list || sit 
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TABLE 37 


COLUMNS 
ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS : 
AMERICAN CONCRETE INSTITUTE pane 
RECOMMENDATIONS ae 
3000-1b. concrete P=Af,[(1+4np’) +(n—1)p] 
1:3 mixture unsupported length 
n=12 Max. di t =15 
f.=750 iameter 


ae Spirals 
7 ergo | 


of core 5 
(inches) | (inches) A ee, pera rods 
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ed 

ee as 
Qhte 2 2 
or 


ooow 
OMI 
Nobo bob 
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So 

i) 


a 
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TABLE 387 


Diam- 
eter 
of core 
(inches) 


COLUMNS 
ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
AMERICAN CONCRETE INSTITUTE 
RECOMMENDATIONS 
P=Af,[(1+4np’) +(n—1)p} 3000-lb. concrete 
unsupported length 1:3 mixture 
Max. : |) Se n=12 
diameter .=750 


Spirals | Size of vertical round rods 


Pitch Per cent 
(inches) of core 


26 


TABLE 37 


COLUMNS 
ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
AMERICAN CONCRETE INSTITUTE prams cerca igo — 
RECOMMENDATIONS 2 
3000-lb. concrete P=Af{(1 yer as os wriee 
: i orted lengt 
1:3 mixture Maxie g ih 
n=12 diameter 
f.=750 
S Spirals Size of vertical round rods 
Size Dism= || oe ee NT bor ~ : £ =e - 
‘e Urelltcie No es | | 
co. umn 0 core 1Ze i Pi h P t d | 
(inches) | (inches) oy as Gok) Brg es rods 54 34 i 1 134 1% 
42 Soueiitee 770 2 1 | ge We) lacs | com [862 Paani 
18 d) nce | Coal ol ese aro 1e0GR at aan 
20 1358 | 1388 | 1423 | 1461 
22 1368 | 1401 | 1439 | 1482 
24 oe Howe oe | 18784 $494 1456 | i508 
26 .... | 1354 | 13888 | 1427 | 1472 | 1522 
28 ||_.... | 1360 | 1398 | 1440 | 1488 | 1542 
30 .... | 1368 | 1408 | 1453 | 1504 | 1563 
7/0 14 e382 | 16 b Sec eames See bBo 20 gine 
3 18 ee bee tl 5 S| eee ED ama 
20 ac cost) | nese | eaDLO Geib 5 Si mab On 
22 Sos eece Poa be | A825) 1570" eloe 
24 ocd pce i) aeesee | SK545 alee Gul pigs 
26 «|| 2.-.0 cass. | 1518 } 1558 |) 1603/4652 
28 ka. Pp cote, | £528) doe | 1elgs ites 
30 cst heres [158815884 tessadiogs 
43 39 7/0 1% 1 | 16. Whee | eee} eo | ss 0n ee raass 
18 won | Soe [seen Uae aa esos 
20 |hencs« | suo. |) 1425° [91456 114900] S528 
225 wl _.« | 1435 | 1469 | 1506 | 1549 
DAG SISA eee 1445 | 1482 | 1523 | 1569 
26 ua. | -cos | 1455 | 1494.) 15205) t5so 
28 =|} .... | 1428 | 1465 | 1507 | 1556 | 1609 
30 || .... | 1485 | 1475 | 1520 | 1572 | 1630 
7/0 134 1.29 16H seasc| eten. | Sac fee eoeeai meme 
| 18 TS ee thle Bes | Se econ acest h OOmme geet 
20 1581 | 1615 | 1654 
22 1594 | 1632 | 1674 
| 24 .... | 1607 | 1648 | 1694 
26 | 1580 | 1620 | 1665 | 1715 
28 1590 | 1633 | 1681 | 1735 
30 1600 | 1645 | 1697 | 1755 
44 40 7/0 1674 1 16>) 1498 | 1526 | 1557 
18 1511 | 1542 | 1577 
| 2090) .... | 1524 | 1559 | 1597 
| | 1504 | 1537 | 1575 | 1618 
| 24 1514 | 1550 | 1592 | 1638 
26 || .... | .... | 1524 | 1563 | 1608 | 1658 
28 || .... | 1496 | 1534 | 1576 | 1624 | 1678 
30 _.... | 1504 | 1544 | 1589 | 1641 | 1699 
7/0 134 1.25 16 | 1639 | 1670 
18 1656 | 1690 
20 1637 | 1672 | 1710 
22 .1650 | 1688 | 1731 
24 | 1663 | 1705 | 1751 
26> [cams | eek | cee VOLO NaN eaetetaael 
28 oan | Soe a LOS Teh TERM el sS ae ot 
| | | 
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TABLE 38 


COLUMNS 
ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
& 2 NEW YORK CITY BUILDING CODE 
REQUIREMENTS 
P=Af{1+(n—Dp]+2f.p’A 
f= > 0 . 
lenath 1:6 mixture 
Max. (ie = 15 n=15 
tameter f, =500 
, Spirals Size of vertical round rods 
Size Diam- Niainb, M 
ce eter z 2 Se er 
column of core ize No. : 
: Pitch | P t , f 
Gmches) | (inches) || (A.S. & | Gnches) | of eore ||" || $6 | 9 | % | 4 | 16 | 1M 
i 
12 So 6 144 1 6 58 
13 Ge if] 5 134 1 6 70 
| 8 74 
| | 
14 10 || 4 118 1 6 83 89 
| 8 88 
| = - Ge 
15 11 | 3 15 1 6 98 | 104) 111 
| 8 103 | 110 
| 10 107 
toe ie 42 || 2 13% 1 6 115 | 120] 127 
|| 8 119 | 126 
\| 10 123 | 133 
3/0 156 2 6 166 | 172 
| 8 MG |p 
10 168 | 178 
7 | 1B 1 134 1 6 132 | 138 | 145] 152 
| | 8 1G | see || ieRY |) 
10 141 | 150 
4/0 13% 2 6 191 | 198 | 205 
8 197 | 206 
10 194 | 203 
18 ih. 4 | 134 1 6 wt 157) 164) 471 
ie 8 xe || Geel) ae 
| 10 160 | 169 | 181 
12 164 | 176 
| 4/0 134 2 6 en cobelmeess 
8 sc, || Se Bee 
10 992 | 231 | 242 
| 12 226 | 237 
| 5 
| 5 0 116 1 6 172 | 178 | 184] 192] 201 
4 $s : 8 176 | 184| 193] 203 
| 10 180 | 190| 201 
i! 12 185 | 196 
| 5 17 2 6 Sl 255 |) 263°) oz 
nag és 8 254 | 263 | 274 
| 10 261 | 272 
| 12 255 | 267 
| mS eae | 8 198 | 206| 215 | 225] 237 
v4 pe aM = 10 202 | 212 | 223] 236 
12 207 | 218 | 231 
| 14 211 | 224 
2 8 cepa Poses [BOR BOB Bile 
8 10 1) | (292 | 303 |. 316 
12 ee || SRE Babe 
14 291 | 305 
| 
ike? 


COLUMNS 


ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
NEW YORK CITY BUILDING CODE 


TABLE 38 


REQUIREMENTS 
1:6 mixture ere 
n=15 Max. (Gare) 2 
f, =500 diameter 
: | Spirals 
re z Nees 
f || Size No. ; 2 
(inches) | Ginches) (As. leet led gee % | 16 1% | 134 
21 il 
22 18 
23 a9 
24 20 
25 21 
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TABLE 88 


COLUMNS 


ROUND CORED HOOPED COLUMNS 
i SAFE LOAD IN THOUSANDS OF POUNDS 
ee ato NEW YORK CITY BUILDING CODE 
REQUIREMENTS 


P=Af{1+(n—1)p)+2f.p’A 
s= 20,000 1:6 mixture 
Max. (sneer) = 5) n=15 
diameter f,=500 


Spirals Size of vertical round rods 


Size 
of eter 

column of core 

(inches) | (inches) 


Size No. Pitch Per cent 


Ww. Gots (inches) of core 


16 607 | 628 | 651 
18 616 | 639 
28 24 || ALG 12 1 10 som tl cean | Ce 2G) eae || aoe 
| | | To 44a 45847351 Aone oO 
| | fA aea|| ee 450 | 466] 484] 505 | 527 
We i) AAT |) ABN elb Ae hs AGNI GSES 
| | 18 || 446 | 463) 483 | 506 | 532 
| | | 
| 7/0 | 134 2 KOE yee 
| 12 ee 
| 14 Ro 
16). | 655 
sie a 664 
| 29 25 5/0 214 1 TOM ieee eh 284 
|| EIS Nie ree 479 492 
|| {| eee eller ON 
| 16 476 | 491 | 509 
i 18 480 | 497] 518 
| 20 || 485 | 504] 526 
| | | 
7/0 1% 2 10 SPSOIA < teal tone eae 
| | / ae 12 Pia ee aa hiner eee eS 
14 roe yl ee enti oe ae é 
| | | 16 Nal (Pome cet: 
18 Bee lean ered 
| | 20 Sindh herehcoel eGo 4 
26 5/ 214 1 12 .... | 515 | 528 41 56 
ns em 103 - | 14 See A Be) reeve Nl vats 
| 16 coeur) Fae) 
1 18 516 | 5338] 554] ! ; 
( 20 521 | 540| 562 | 5! 
7/0 1% 1.93 12 rend) Seer een, an ewe : 
al Fe 14 Sy ee sal Rate 
16 a eee dal | nee 
18 eee ele aba RY si 
20 A ire ehh 


TABLE 38 


COLUMNS 


I 


ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS : 
NEW YORK CITY BUILDING CODE pe 
REQUIREMENTS 
P=Af{1+(n—1)p|+2f.p’A 
1:6 mixture ee 
n=15 M. . (gene) 
diameter 


=15 


Spirals 


' Diane 
Rize eter a | va 
column of core Size No. : 9 
(inches) | (inches) (A. . o ee ereent rods 5% % % 1 1% ay 
. Co. 


5/0 


eee 12 dicta, [robs t, £SE8 F. BRL 
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TABLE 38 


eter 
of core 
(inches) 


COLUMNS 
ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
NEW YORK CITY BUILDING CODE 
REQUIREMENTS 
P=Af,[1+(n—1)p|+2f,p'A 
ies Seedy 1:6 mixture 
Max. (ier) = n=15 
diameter f, =500 


Spirals | Size of vertical round rods 


Number 
of 
Pitch Per cent rods 
(inches) of core 
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TABLE 38 


COLUMNS 


ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
NEW YORK CITY BUILDING CODE eee 
REQUIREMENTS 2 : 


P ; f, =20,000 
1:6 mixture a lene) 


n=15 = 
diameter 


| || Spirals 
Size Diam- | . Nab | 
of eter rat ae l 


column of core Size No. Pitch Pesiaent oa 


(inches) | Gnches) os Gaches) BE GOES 


Nox 
ON 
Noo 
Lat 


246 1 ne av) ecre | eves | 943 Do pez Bae 


TABLE 38 


Diam- 
eter 
of core 
(inches) 


ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
NEW YORK CITY BUILDING CODE 
REQUIREMENTS 


f,= 00 


s ce 


Max. ea) =15 
diameter 


Spirals 


COLUMNS 


1:6 mixture 
n=15 
f,=500 


j Per cent | rods 
(inches) of core |} 
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TABLE 39 


COLUMNS 


. ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS , 
NEW YORK CITY BUILDING CODE pe Solera size 4 
REQUIREMENTS Z : 
P Sota ei tpl +2f.p’A 
1:4144 mixture Nength 
To Max. Taner) == 1155 
ft, =600 (Gene 
Spirals Size of vertical round rods 
Size Diam- Winn See Fal ID 
a ok ee of | | 
co umn 9 core w1ze oO. it h Pe t d } - 
(inches) | (inches) ee ae eee fe spe rods 5g 34 A 1 | 1% 134 
| l ] | 7 
12 8 6 114 1 | 6 62 | | 
13 9 5 114 1 6 76 | | 
oe | s || 80 
14 10 4 1% 1 6 91 96 | 
| 8 ‘] 95 | 
15 11 3 154 1 6 107 | 112| 119 
8 101.) | 418 4 
10 115 
16 12 2 134 1 6 125) 13te) T3701 | 
8 129 | 136 | 
10 133 | 142 
| 3/0 154 2 6 176 | 182 | 
8 175 | 182 
| 10 179 | 187 
17 13 || i 134 1 6 145] 150| 157| 164 | 
| 8 149 | 156| 164 / 
10 153 | 162 | 
4/0 1% 2 6 .. | 203 | 210] 217 | 
8 , 209 |} 217 
10 206 | 215 | 
18 rgminliiet 134 1 6 166 171 | 178| 185 
| 8 170 | 177 | 186 
| 10 174 | 183 | 194 | | 
12 178 | 189 | 
. | 
4/0 134 2 6 Be eee Pek ci elie Seen 
8 _. | 2980} 247 
10 || 236] 245 | 255 | 
12 |} 240] 250 | | 
19 15 0 126 1 6 || 189| 194! 201] 208] 216 | 
8 || 193} 200] 208] 218 
| 10 197 | 206 | 216 | 
12 || 201 | 212 | 
5/0 1% 2 6 271 | 278 | 287 | 
8 271 | 279 | 289 
| 10 276 | 287 
12 272 | 289 
20 16 2/0 26 1 8 217 | 224 | 233°) 943) | Vesa 
10 221 | 230| 241] 253 
12 225 | 236] 249 
14 229 | 242 
6/0 2 2 8 313 | 323) 334 
10 311 | 321 | 333 
12 Sasa || Sl) Bee 
14 310 | 322 
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TABLE 39 


(inches) 


21 


Diam- | 


eter 
of core 
(inches) 


COLUMNS 


ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 


REQUIREMENTS 


Spirals 


f, = 20,000 


Max. (iene) = 
diameter 


Size No. 
(A. 8. & 
W. Co.) 


2/0 


Pitch 
(inches) 


to 


NEW YORK CITY BUILDING CODE 


1:444 mixture 
n=12 
f, =600 


Size of vertical round rods 


| 
Per cent || 56 
of core i 


14g | 1 


279 
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TABLE 39 


COLUMNS 
ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS ; 
NEW YORK CITY BUILDING CODE ame 
REQUIREMENTS — 
P=Af[1+(n—1)p|+2f.p’A 

1:4%5 mixture ( lenath 

n=12 Max. |= = 

f.=600 diameter 


Spirals Size of vertical round rods 


Diam- Sg 
eter : c 
of core Size No. Pitch Rortcont 


Gnehes) | Gnches) oe acs (inches) of core 
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TABLE 39 


COLUMNS 
ROUND CORED HOOPED COLUMNS 
; SAFE LOAD IN THOUSANDS OF POUNDS 
oes > NEW YORK CITY BUILDING CODE 
Le REQUIREMENTS 
P=Af,1+(n—1)p|+2f,p'A 
f, = 20,000 : 
“length 1:44 mixture 
Max. (qe) =]5 n=12 
iameter tf, =600 
| Spirals | Size of vertical round rods 
I aan ri \| Deasaber | a Soe Iie = =i 
of core || Size No. : | ) | | | 
| 0 Pitch | Per cent s , 7) ae 
(inches) | (inches) 1 A. Pas Gaohes)'| gue || rods 1 bg | 34 te 14 
| | 
5/0 234 1 12 620 | 635 | 651 
14 613 | 628 | 645 | 664 
16 619 | 636] 656 | 678 
18 oe 625 | 644 | 666] 691 
20 613 | 631 | 652 | 676] 704 
22 617 | 637] 660| 687] 717 
| | 
7/0 114 1.86 12 A uee848 
| 14 842 | 861 
16 853 | 875 
18 841 | 863] 888 
| 20 849 | 873 | 901 
22 857 | 884 | 914 
5/0 2 1 12 [een GOSiGZSa GOs 
14 | 657) 671°] 688) 708 
16 eee 662 | 679 | 699 | 721 
| 18 ||...) 668 | 687 | 709 | (734 
| Whee ge GRE I etee Paley ere 
| 225 HeNGG0n 6800 708m 7800/7060 
| | | 
7/0 144 1.80 12 See all teers Aish es HOM lane iBea bev elope 
Ce het een ee real) eS Shalem O0S 
16 896 | 918 
| 18 906 | 931 
20 | 892 | 916) 944 
| 99 900 | 927 | 957 
6/0 214 1 | 12 Ee ea PON ORF | EO) 
| 14 es Ne OTL GETS Saez 52 
16 707 | 724) 743 |. 765 
18 rier |) Zee Ge) “77s 
20 | 719] 740| 764 | 792 
| 22 705 | 725| 748| 775 | 805 
| | 
7/0 1% S73 12 eo noe Nee CBD 
4 ae eploas 
16 | 936) 958 
18 se eee || Oui 
20 934 | 957 | 985 
22 941 | 967 | 998 
esi 6/0 24 1 pw | ae PP 755: | ze08l 76 
er: welt Pl) | 762 779" 09 
16 754 | 770! 790} 812 
18 759 | 778 | 800) 825 
| | 20 765 | 786| 811 | 838 
| | 92 | 771 | 794| 821 | 851 
| 24 | 755 | 777 | 802 | 831 | 864 
| | z | | fr 
mth Z0 nile ile G7 12a Oe 975 
| 7/0 oa) | aah | Sues 988 
| 16 oo | Se )) ADs 
| | 18 990 | 1014 
20~«C*S| 976 | 1000 | 1028 
22 | 984 | 1010 | 1041 
| 24 992 | 1021 | 1054 
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TABLE 39 


COLUMNS 
ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
NEW YORK CITY BUILDING CODE 
REQUIREMENTS 
P=Af{1+(n—1)p|+2f.p’A 
; f, = 20,000 
1:44 mixture i i 
n=12 M . (Gene) =15 
f, =600 diameter 


Spirals | Size of vertical round rods 
Diam- | 
eter 
of core 
(inches) | (inches) 


‘ABLE 39 


COLUMNS 
ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
een NEW YORK CITY BUILDING CODE 
—— REQUIREMENTS 
Paes 1:4144 mixture 
Max. (sien srs) =15 n=12 
diameter f. =600 


Spirals 


; ; | Size of vertical round rods 
Sie | Pian | ember |p : 
column of core Size No. : 2 
Gnehes) | Gnches) || (A.8.& | Gnches)| “of core || “™ |f 36 | 9 | 26 | 1 | 196 | 32 
| | } 
39 | 35 | 7/0 2g uf H 14 1} aha 1035 | 1054 1075 
| 1026 


TABLE 389 


COLUMNS 


ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
NEW YORK CITY BUILDING CODE umn size 
REQUIREMENTS 
P=Af{1+(n—Lp]+2f.p'A 


: f, = 20,000 
1:41 mixture 2 ¢ 
M .( length ) 


n=12 ~ 
diameter we 


. Spirals 
Size Diam- | . NoTEaE 
ee pune oe eo | 

column of core Size No. . | 

(inches) | (inches) (A. S. & ane Lar sce 
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TABLE 40 


COLUMNS 
ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
CHICAGO BUILDING CODE REQUIREMENTS 
P=Af,(1+2.5np’)[1+(n—1)p] : 
Max. (Giameter) 72? not ne 
tf. =500 


appals Size of vertical round rods 


Pitch | Per cent 
(inches | of core 


13 


3 


134 


13 


em 
Nom! owW] ow 


jt 


134 


a ao 
Nom] wow 


aot 
Now 


Ree 


a 
PNHCwA]) FNCHO HNOM 


Ree 


a 
hNOOW 
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TABLE 40 


COLUMNS 


ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
CHICAGO BUILDING CODE REQUIREMENTS 


P=Af.(1+2.5np’)[1+(n—I)p] 
1:2:4 mixture M. ene) 12 


x. | =—— 
n=15 diameter 
f,=500 
\ Spirals | 1 Size of vertical round rods 
Size Diam- |! Number = : =e 
se tas Sine N of | 
Oa eos eo. | Pitch, ||| Percent rods 5Z 37 1Z 1 1k Ww 
(inches) | (inches) . oS (Gnehes).) 66 core 58 74. | 1s 4g M4 
7 y 7 Nl l a 
22 19 4 154 0.5 s || 189] 198] 208| 221] 234 | 250 
“ey 10 || 194] 205| 218| 234] 251 
12 199 | 213| 228] 247 
a 14 204 | 220| 238 | 260 
16 209 | 227 | 248 
4/0 154 1.5 8 asee hk cman e274! 290 ueS OSes 26 
TO” |} ote 270 |) 2287-1) 207 eee 
12 280] 301! 325 
14 =268 | 289| 314°) 342 
rl 16 275 | 299| 327 
23 «| ~~ 20 3 14. | 0.5 |i 8 || 207| 216| 226| 239] 253] 268 
| | i| 10, il) 2020)" 2030) 36716 252" oaommeoee 
12 217 | 231 | 246 | 265| 277 
| 14 222 | 238 | 257 | 278 
16 227 | 245) 267/ 291 
5/0 1% 5 | 8 ces | 298 | S144) S32elmesss 
19 sexs! | SLi) Sap Rose are 
12 303 | 324| 349] 376 
| 14 313 | 337 | 366 
| 16 299 | 323 | 351 | 383 
= = | | -| | 
24 oe || 3 134 0.5 10 231 | 949°) 956) || 27a ose7imeeos 
12 236 | 250] 266| 284] 305 
14 241) “2570! 276 1a Oy, 
| 16 246 | 264] 286)| 310 | 
5/0 134 15 leet 0 336 | 357 | 379.| 40m 
12 | 3829 | 350] 374] 401 
| 14 | S88 a[) 736391 eesor 
i 16 | 348] 376] 408 
25 eee 22 g 124 0.5 |i 10 251 | 2627) 276 | 2914) ‘S0ssiazs 
i} 12 256 | 270] 286] 304] 325| 348 
| | 14 jee Q6ns) S775) 2964 esi | set 
| 16 267 | 284] 306] 330 
18 || 272 | 292] 316] 343 
| | 
C/O. Rall 2 sles 10 | 363 | 383, 406] 431 
P i 12 376 | 400] 427) 458 
| 14 || 365 | 369 | 417 | 449 
\| 16 374 | 402 | 435 
| | 1S} 384] 416 | 452 
26 |) 428 2 174 0.5 || 10 || 272] 283/ 297] 312] 320 | 349 
12 || 277) S015) 307 |) 325 1 s46ueses 
| | 14 233) | 29811) (317 | esssrlmescs 
| 16 288 | 305°] 327 | sbi i) 379 
| | | 18 293 | 313 | -337 | ,364 
6/0 13g eet | 10> Wecevct bw yccell ee A ates 
| 12 Seine all sous || £04: 4 oC al mete ami 
| 14 Tete 417 | 445] 477 
| 16 402 | 430) +462 | 499 
| 18 411 | 443 | 479 


TABLE 40 


COLUMNS 


ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
CHICAGO BUILDING CODE REQUIREMENTS 


P=Af,(1+2.5np’)[1+(n—1)p] j 
alae ena -12 1:2:4 mixture 


“\ di t n=15 
iameter + —500 


Spirals Size of vertical round rods 
Diam- 
eter 


of core : 
. F Pitch Per cent 
(inches) | (inches) Phe Gachen) ntieare 


5 


| | | Bits 636 | 686 
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COLUMNS 


SAFE LOAD IN THOUSANDS OF POUNDS 
CHICAGO BUILDING CODE REQUIREMENTS 


ROUND CORED HOOPED COLUMNS 


P=Af.(1+2.5np’){1+(n—1)p]) 


TABLE 40 


Column S1Zé | 


1:2:4 mixture Max length ) 72 
n=15 diameter 
f,=500 
Spirals | Size of vertical round rods 
Size Diam- | = no robe ————————— SS 
i Raise aN ee | 
column of core Size No. p ) p, 5 
(inches) | (inches) (A. 8. & Oe Aisseed nods 58 34 1 14 4 
| | W. Co.) s | 
| | 
| | 
31 28 2/0 23¢ 0.5 ee 396 | 410 | 444 | 465 | 488 
14 401 | 417 | 457 | 481 | 508 
: 16 407 | 424 470 | 498 | 529 
18 312) 432 483 514 549 
20 417 | 439 496 | 531 | 569 
| 22 422 | 447 | 509 | 548 
7/0 134 1.5 12 Bre 584 | 612 | 642 
14 i. 602 | 633 | 669 
16 eet 619 | 655 | 696 
| 18 [eae 646 | 677 | 722 
| 20 eee 653 | 698 | 749 
| 22 | 588 670 | 720 
i} 
32 29° 2/0 | 236 0.5 120 Ne 403) ea ses6ul | 471 | 491 | 514 
|e cee | 484 | 508 | 535 
|) 16 ©|| 433 | 4651 | | 497 | 524 | 556 
| | 18 438 | 458 | | 509 | 541 | 576 
| | 20 443 466 | 523 557 | 596 
| 22 448 | 473 536 | 574 
7/0 154 1.5 12 646 | 677 
14 637 | 668 | 704 
1] 16 654 | 690| 731 
18 670 | 712] 758 
| 20 | 688 | 734] 784 
| 22 | 705 | 755 | 
G33: 30 2/0 234 0.5 12 450 | 464 498 | 519 | - 542 
| 14 456| 471 | 511 | 537] 563 
| 16 461 | 479 | 524 | 552 | 583 
| i 466 | 486 | 537 | 568 | 603 
20 471 | 493 | 550 | 585 | 624 
| 22 476 | 500 563 | 602) 644 
| 24 481 | 508 576 | 618 
7/0 | 54 1.5 12 cae | 672] 718 
14 || Wow se 672 | 704 | 740 
16 ne 690 | 726 | 767 
| Le sue 707 |. 748 | 794 
20 Sa 7od PATON OS 
22 tokst, TAL | TOR saan 
24 | 668 758 | 813 
34 31 By) Bhs 0.5 14 || 484 | 500 540 | 564 | 591 
16 489 | 507 552 | 581 | 611 
| 18 494 | 514 566 597 632 
|| 20 199 | 522 579 | 613 | 652 
| | 22 504 | 529 592 | 630] 672 
| | 24 || 510! 536 605 | 846) 693 
| 
| 7/0 15g | 1.5 iH anf eee 710) || 742778 
| | | Gp wile 727 | 764! 805 
| 18 ee 744 | 785 | 832 
| 200p ihc she| ‘762 | 807 | 858 
Pe AWS 779 | 829 | 885 
24 as oa 796 | 851 | 912 


TABLE 40 


Diam- 
eter 
of core 
(inches) 


Il 
ie 


COLUMNS 


ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
CHICAGO BUILDING CODE REQUIREMENTS 


P=Af,(1+2.5np’)[1+(n—1)p] 


Spirals 


1:2:4 mixture 
15 


Max. (sane) == by 
f, =500 


diameter 


Size of vertical round rods 


Size tae 


(A 


eos 


Pitch 
(inches) 


Per cent 
of core 


3/0 


216 


———— TABLE 40 


COLUMNS 


ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
CHICAGO BUILDING CODE REQUIREMENTS 


P=Af,(1+2.5np’)[1+(n—1)p] 


1:2:4 mixture M length 
n=15 *\diameter 
f,=500 


Spirals 
Diam- s Se 
eter 


of core i 4 
: A . Pitch Per cent 
(inches) | (inches) +S (inches) 6feore 


254 


156 


TABLE 40 


COLUMNS 
ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
CHICAGO BUILDING CODE REQUIREMENTS 
P=Af,(1+2.5np’) (1 +(n—1)p] 
length \ _ 1:2:4 mixture 
Max. (Gameter) 722 n=15 
f,.=500 


Spirals | Size of vertical round rods 


Diam- J sai ee 
eter Mead 


He eda - | Pitch | Percent || rods 
ey a (inches) | of core 


216 0.5 


TABLE 41 


COLUMNS 
ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
CHICAGO BUILDING CODE REQUIREMENTS 
P=Af.(1+2.5np’)(1+(n—1)p] 
1:116:3 mixture aes length _21 
n=12 diameter 
f, =600 
Spirals | | Size of vertical round rods 
Size Diam- 7 = a2. e 
of eter poner 
column of core ize No. Ditch De t 
(imehes) | (inches) || (A. 8, & | Gnches) | of core ae 56 | 32 | we | 1 | ue | a 
(| ] | [ | 
15 ey il 9 | aug 0.5 8 97 | 105 | 
| 110) EN elk O Dede state 
16 ise |) 8 ee ee aa Ss IPlite);. 1984 
\| 10 |) 4195) 125 
Rune 140-37 134 Oe. olin es 125 | 133 | 143 | 
10 130 | 140| 152 
| 12 134 | 146 
iP 0 136 eG aij ve 157 | 168 180 
| 10 LES SLZ6 |e LOH. 
| | || ri, 169 | 185 
18 Ws | 6 124 Oost 8 141 | 149] 158} 170 
|| | | 10 145 | 155] 168 
i | | 12 150 | 162 
[| | 
ll 2/0 134 | 8 .. | 1ss | 200] 214 | 
10 183 | 196 | 211 | 
12 189 | 204 | | 
19 16 6 134 | Gs | 8 157 | 166 | 175| 186 | 199 | 
| 10 162 | 172] 184] 198 | 
\| 12 167 | 179 | 194 
| | 14 Ae ESE: 
| 
3/0 154 ie 8 se 209.) 221 | 285 | g51 | 
10 DOL Ni Odgal saSsueo5O 
12 | 210 | 226 244 
14. || 216) 234 | 
20 | 5 113 0.5 8 175 183 193 204 2a 
| | yh Se 190 202 216 
be a rss 197 211 
14 ||| 489°] 204 | 221 
3/0 154 Nee ll 8 231 | 244] 258 | 274 
| 10 =| 240 | 255 | 273 | 
\| 127 oH 233 248 267 
14. WP 930) ob7 1) ors 
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| 
21 18 8 238. 6/254. 0/272.2)293.2317.0.....|/..... 243 .2)257 5/274. 0 292.7/313.5 
10 247, 4/266. 6|289.3/315.6|.....|..... |238. 0/253. 1/270.9/291.6 314.9 
12 256. U279: 81506. Bia calee Leh en 244.8263. 0,284. 4/309. 2 
14 264. 91901 <8) Saale. shee: Hanae ||251.7|272.9|297.9 
20% | 19 8 261. 8/277. 2/2905. 4/316. 4/340.2|.....||..... 266.4 280.7 297.2'315.9 336.7 
10 270. 6/289 .8|312.5/338.8|....-|..... 261. 2|/276.3/294.11314.8 338.1 
12 \1279.3/302.41329.7]..... Lee. SAA eee 268. 0/286. 21307. 6)332.4) 
14 CUMIN SA) REN a sala lees we 274 .9|296. 1/321.1]350. 0) 
16 20658 S27 Bisel aa eee eel nen 281.8/306. 0/334.6 | 
| 
23 20 8 286.4/301.8/320. 0/341. 0/364.8/391.4||..... 291. 0/305.3/321.8 340.5/361.3 
10 295. 2/314. 4/337. 1/363.4/393.1].....||..... 300.9/318 ,7|339.4/362.7/388.8 
12 303. 9/327. 0/354.3/385.8/.....|..... 292. 6/310.8/332. 2/357. 0.385. 0) 
1411/3127) 38026) 3 7h eee alone eae |299 . 5|320. 7/345. 7/374. 6, 
16: 132241352, S888 lee | acemeteney |/306. 4/330. 6 359. 2/392.1 
| | 


* These columns contain more than 4% of steel. 


TABLE 43 


' COLUMNS 


ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
LOS ANGELES AND MILWAUKEE BUILDING 
CODE REQUIREMENTS 


P=Af.{1+(n—1)p| 


Be pieonoter Num ben Square rods | Round rods 
column core ao | 
(inches) (inches) 5g 34 % 1 ees 58 34 KB 1 
1] | 
24 Pah 10 1320.9 340.1/362.8/389.1/418.8].....]/..... 326. 6|344.4/265.1 
12 329. 6/3852. 7/380.0/411.5).....J..... 318. 3/336. 5/357 .9|382.7 
14 faa. A SGO Slot ~ Dine an. olieneuael eS ace 325. 2/346. 4/371.4/400.3 
| 16 S47 ANS ett et a Stew an crall Meee eelol ots 332.1/356,.3/384.9/417.8 
25 22 10 |347 .9)367.1/389.8)416.1/445.8).....})..... 353 .6/371.4/392.1 
12 1356. 6/379. 7/407. 0/438. 5]474.2}...../)..... 363. 5/384.9)/409.7 
14 |365.4/392.3/424.1/460.9).....)..... 352. 2/373. 4/398. 4/427 .3 
16 | 374.1/404.9/441.3 Rrra ll Gen ial |weay ous 359. 1/383. 3/411.9/444.8 
18 |, 382.9 ALT SONADS. Altes alle cise elt oe. 366. 0/393. 2/425. 3/462.4 
26 23 | 10 ieee 395. 4/418.1/444.4/474.1/507.4))..... 381.9/399.7/420.4 
12 Ti aah 408. 0/485. 3/466.8/502.5).....1),.... 391.8]413.2/438.0 
14 leper see 420.6)452.4/489.2)...../....-/]..... 401.7/426.7|/455.6 
16 hese sree BSSS2tACOrG) OLE Olle sisal evelra | soa 411.6/440: 2/473.1 
18 eer FAG KS AS GN aekotes oilers can Pal Coes CIN 421.5)/453.6/490.7 
27 24 POC Aare te 424 .9|447.6)473.9]/503.6/536.9]|.....]..... 429. 2/449 .9)473.2/499.3 
| | Pe ls Brin |437.5 464. 8/496. 3/532.0)..... 421.3)442.7/467.5/495. 5|526.8 
i ai ieee 450. U481, 91518. 7/560.3) 2 teal. ae. 431.2)456. 2/485. 1/517. 8/554.3 
ie] | eee 462 T1499) WDA nine Sh crncctielil aoe eZ 441.1/469.7|502.6/540.0 
ES Pie 475315162 2)D63..B) oo oy ch wens Nes 451. 0/483. 1/520. 2/562.3 
28 25 ci! Dilaame! | aseratas 455.7/478. 4/504. 7/534. 41567.7)|...../..... 460. 0/480. 7|504. 0/530. 1 
| 1a Mn | eee er 468. 3/495. 6/527. 1/562.8/602.7 452.1/473.5|498, 3/526, 3|557.6 
| | 1 Das 5 heeeae 480 .9/512.7/549.5 il ge eae ee 462. 0/487. 0}515.9/548. 6/585. 1 
| 1 a | eee POS ebb 2Os OOM Ole te Vetere ayiliene hie 471.9/500 .5|533.4/570.8|612.6 
TS7, wie eo BOG bta Ploes. Slut ther ae Mise et 481.8/513.9|551.0/593.1 
| 20 aaa erect hs B1S27 5642p sae ler citen cnillllas.c oa 491.7|527.4/568.6 
29 | 26 | 12 . 6/559. 1/594. 8)634.7)|..... 484.1505. 5/530. 3/558. 3/589. 6 
| 14 By ica? Ree, ("7 Jee | || a 494.0/519.0/547.9/580. 6/617.1 
| 16 GOS, 9IGSL Gl cose lc cto 503.9/532.5/565.4!602.8/644.6 
18 ONG 2G LO een atl cee ate a(t wee 513.8/545.9/583.0/625.1 
| 20 PDN OLS TN coctoe |tnmaterel | karte 523.7)/559.4/600. 6|647.4 
30 } Zhe | 12 .0/592.51628. 2)668.11).....)..... 538 .9|563. 7/591 .7/623.0 
| 14 .1/614.9|/656. 5|/703.1)|..... §27.4/552.4/581.3/614. 0/650.5 
16 EBIOS die 8 OS 4:50 ence Alla 537. 3)565.9|/598. 8/636. 2/678.0 
18 PEIODOL TIO nels aha eviews sac 547.2/579. 3/616. 4|658.5|705.5 
20 OO Saeed ratensy (Redes alll hate 557.1/592.8/634.0/680.8 J 
| 22 GOL Ole ten sal iertna or [lle 3) ae 567. 0/606. 3)651.6/703.0 
| 
31 | 28 12 DIOL ee OlVOC2 4 c02. Ob ae on | aeiene.: 573.4/598.2/626.2 657.5 
| 14 6/649. 4 691..0)737.6)).-.. . 561.9/586.9/615. 8/648. 5/685. 0 
16 RS O7AM SIZ Ole Stalin cc. 571.8|600.4|633.3|670.7|712.5 
18 PUGCOA IIT AT a Versrte =| eea gos 581.7/613.8/650.9/693. 0/740. 0 
20 TNL Gl tecenePop alls suena «({ Pa duaeds 591.6/627.3)/668.5/715.3/767.4 
| | 99 Hal 2 01 ee eee erat lite 601, 5/640.8/686. 11737.5 
32 29 | 12 . 3]/662.8/698.5/738.4/}.....)..... 609. 2/634. 0/662. 0)693.3 
14 41685. 21726.8)773. 41). elec s 622.7/651. 6/684. 3}720.8 
16 .6|707.6)/755.21808.4)|..... 607. 6/636. 2/669. 1/706. 5|/748.3 
18 Pe ie ge, It Wc Fs Jew een eer emer Bd 617.5|649. 61686. 7|728.8]775.8 
| 30 '9/752.4/811.9]..... He aeeae 627. 4/663. 1]704. 3/751. 1/803. 2 
22 ROAR Aer OUN leo linens Hl Ves aceon 637 .3/676.6/721.9 773.3] 
VA OOON OOD Oli Cou Diller sis al are 646. 3/671. 1/699. 1/730.4 
Be he td 15|722.3/763.9/810.5]|...../..... 659. 8/688. 7/721. 4|757.9 
16 2.7|744.7|792.3/845.5)|..... 644. 7/673. 3/706. 2/743. 6/785 .4 
18 .8|/767.1/820.6/880.5||..... 654. 6/686. 7|/723.8]765.9/812.9 
20 LO1CSO sD S495 Ole ere sail oxn tions 664.5/700. 2/741.4/788. 2/840.3 
22 GUIS OSC axel ne aula tia vey 674.4\713.7|/759. 0/810, 4/867.8 
24 Ne epee es etenieel hel Spsnadll| ake atearts 684. 3/727. 11776. 6/832..7 
| | | 
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COLUMNS 


ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
LOS ANGELES AND MILWAUKEE BUILDING 
CODE REQUIREMENTS 


n=15 P=AfJ{1+(n—I1)p]| 


Diameter Square rods 
of 
core 
(inches) (inches) 
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COLUMNS 
ROUND CORED HOOPED COLUMNS 
SAFE LOAD IN THOUSANDS OF POUNDS 
LOS ANGELES AND MILWAUKEE BUILDING 
CODE REQUIREMENTS 
= pa n=15 
P=Af[1+(n—1)p| ;, —800 


Diameter Square rods Round rods 

of | 
core 

(inches) 


(inches) | 
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COLUMNS 


AREAS AND WEIGHTS OF COLUMN RODS 


TABLE 44 


176 


Area of column rods Weight of column rods per linear foot 
® n 3 2. 
3 3 ; 
& Size of rods Ba Size of rods 
3 
5 B 
2 4 
im mae ey eae wera ee OU ey ei ie 
a vA 
4 1.56] 2.25) 3.06} 4.00) 5.06} 6.25 4 | 5.313] 7.650/10.41 | 13.60) 17.21] 21.25 
6 2.34) 3.38] 4.59] 6.00) 7.59) 9.38 6 | 7.969}11.48 |15.62 | 20.40) 25.82) 31.88 
8 3.13) 4.50) 6.12) 8.00) 10.1 | 12.5 8 |10.63 |15.30 |20.82 27.20) 34.42) 42.50 
10 3.91|. 5.63) 7.66) 10.0.) 12.7 |) 15-6 10 |13.28 |19.13 |26.03 | 34.00) 43.03) 53.13 
. | 
2 12 4.69} 6.75| 9.19) 12.0 | 15.2 | 18.8 12 |15.94 |22.95 |31.24 | 40.80) 51.64| 63.75 
° 14 SEAT IE TeSSie1Ons | LAO) | LT eT eate9 14 {18.59 |26.78 |36.44 | 47 60| 60.24) 74.28 
© 16 6.25} 9.00) 12.2 | 16.0 | 20.2 | 25.0 16 |21.25 |30.60 |41.65 | 54.40] 68.85) 85.00 
s 18 CeOsPAONT S| 18S) TON 2258) G28. £ 18 |23.91 |34.43 |46.85 | 61.20) 77.45) 95.63 
A 20 (aol dS: |elLons ip 2OnOn le Zocan|iso ies 20 |26.56 |38.25 |52.06 | 68.00} 86.06/106.3 
22 8.59] 12.4 | 16.8 | 22.0 | 27.8 | 34.4 22 |29.22 |42.08 |57.27 | 74.80] 94.67/116.9. 
24 9.38) 18.5 | 18.4 | 24.0 | 30.4 | 37.5 24 |31.88 |45.90 |62 47 | 81.60/103.3 |127.5 
26 | 10.2 | 14.6 | 19.9 | 26.0 | 32.9 } 40.6 26 |384.53 |49.73 |67.68 | 88.40/111.9 |138.1 
28 | 10.9 | 15.8 | 21.4 | 28.0 | 35.4 | 43.8 28 |37.19 53.55 |72.89 | 95.20/120.5 |148.8 
30))| 14.7 1-16.9 | 23'.0) | 80.0 |) 38-0 | 46.9 30 |39.84 |57.38 |78.09 {102.0 {129.1 |159.4 
4 1.23) 1274). 2.41) 3.14) 3.98) 4.91 4 | 4.172) 6.008} 8.178] 10.68} 13.52) 16.69 
6 1.84| 2.65) 3.61] 4.71) 5.96) 7.36 6 | 6.259) 9.013) 12.27] 16.02] 20.28) 25.03 
8 2.45! 3.53) 4.81] 6.28) 7.95) 9.82 8 | 8.345/12.02 | 16.36] 21.36] 27.04] 33.37 
10 | 3.07| 4.42] 6.01] 7.85] 9.94] 12.3 || 10 |10.43 |15.02 | 20.44] 26.70] 33.80] 41.72 
é 12 3.68! 5.30] 7.22) 9.42) 11.9 | 14.7 12 {12.52 |18.03 | 24.53} 32.04] 40.56) 50.06 
3 14 4°30) 6.19) 8242) 21..0>) 1329) £722 14 |14.60 |21.03 | 28.62] 37.39] 47.31] 58.41 
oS 16 490) GF 07) 956201256) 15.98 1LOK6 16 |16.69 |24.03 | 32.71] 42.73] 54.07] 66.75 
8 18 5.52) 7.95) 10.8 | 14.1 | 17.9 | 22.1 18 |18.78 |27.04 | 36.80) 48.07] 60.83] 75.09 
© 20 6.14) 8.84] 12.0 | 15.7 | 19.9 | 24.5 20 |20.86 |30.04 | 40.89) 53.41] 67.59] 83.44 
22 6.75] 9.72) 13-2 | L738 | 21791 27-0 22 |22 95 |33.05 | 44.98] 58.75] 74.35] 91.78 
24 7.36] 10.6 | 14.4 | 18.8 | 23.9 | 29.4 | 24 |25.03 |36.05 | 49 07| 64.09] 81.11] 100.1 
26 7.98) 11.5 | 15.6 | 20.4 | 25.8 | 31.9 |} 26 |27.12 |39.06 | 53.15] 69.43] 87.87] 108.5 
28 8.59) 12.4 | 16.8 | 22.0 | 27.8 | 34.4 | 28 |29.21 |42.06 | 57.24] 74.77) 94.63] 116.8 
30 9.20] 13.3 | 18.0 | 23.6 | 29.8 | 36.8 30 {31.29 |45.06 | 61.33} 80.11/110.4 | 125.2 
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AREA, VOLUME, WEIGHT AND PERIMETER 
OF 
SQUARE, ROUND AND OCTAGONAL COLUMNS 


Square columns Round columns Octagonal columns 

Diam- 
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WEIGHTS DO NOT INCLUDE SPACERS 
WIRE SIZES ARE A. S. & W. CO. GAGE 


AND 
WEIGHT IN POUNDS PER FOOT OF COLUMN 


COLUMN SPIRALS 
PERCENTAGE OF VOLUME OF CORE 
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HEAVY TYPE GIVES PERCENTAGES 


LIGHT TYPE GIVES WEIGHTS 
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COLUMN SPIRALS 
PERCENTAGE OF VOLUME OF CORE 


AND 
WEIGHT IN POUNDS PER FOOT OF COLUMN 


HEAVY TYPE GIVES PERCENTAGES 
LIGHT TYPE GIVES WEIGHTS 
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WEIGHTS DO NOT INCLUDE SPACERS 
WIRE SIZES ARE A. S. & W. CO. GAGE 


AND 
WEIGHT IN POUNDS PER FOOT OF COLUMN 


COLUMN SPIRALS 
PERCENTAGE OF VOLUME OF CORE 


COLUMNS 
HEAVY TYPE GIVES PERCENTAGES 


LIGHT TYPE GIVES WEIGHTS 


6 2 
ost l96n't leca't lee’ t ge't lest't zg0't lese'o l6ts'o |tez°0 \gono \e6g’0 late ‘0 lLoF° ee |e 
170s looe'r \geL'T zog't |ets Tt |s9z'T G6pt'T Bier ye L6L°0O |99L'0 |%99'0 |399'0 |OTS'0 |F8h'0 

gots lzr6e't SILT |99't |see'T |69s'T lost’ t leg6'o |928°0 |p¥8"0 \61L'0 [8190 |T99‘0 |zes'0 locr'0 | 34% 
| ‘PZT S 1606'T 6h8'T |L bo 1 leon Tt tts tT “0 /86L'°0 |L89'0 |€%9'0 |z69'0 |908'0 | F4z% 

“ge love’ T \oL9 tT lp2¥'t |szz't 960° T |¥90'T $68'0 |€LL°0 |Z0L'0 |S99'0 |oLS‘0 z 
686'T |F08 T |989'T lPor't |zgz'T |p0s'T 120 T less-0 jto8 0 T9L°O |TS9°0 | Tt 
0£0'T 


ee eeee veg 


6&L°0 |3L9°0 |L€9°0 \979°0 Us 


ss0'% lte6‘r 999 T 


| 0Z8 °% gor'zlro6't geo tl t9¥"t 906'T |66T'T ve6'0 \g88'0 jogn'0 | 241 ¥I 
i 2 al en wee | —— - 0) coer meses 
116 L¢z's | 92°2 | 26°9 Lez'9_| p9°¢ | at'9 ed s6'e | 9c°e | ove | zee | 09's | eae Lowe | c°' € 
ro°6 LOPS g°g | 2@'9 ges | ese | p2'e | st'e | 2° | 8F°2 ao woz | Ys 
0£'6 v9 | #2°¢ | 82% Lazy | ire | oe | 10°e | e2:2 | o¢-zl_zecz | 32 
39 Lge'9 | cee | bab eed 6s'e | ree | bos | 88° | oF so | He 
| 2: “1 Lse'¢ ey | o2'¢ | ave | pe'e | g2°2 Z 
| 8 'g | #8°9 oo Logs | o6'e | t2°¢ | zt'e | BI 
. Zz0 ‘61 s6"2 e8°¢ | 20°¢ | sow l zee | ose | 341 
Sere ieee: 91L°t |tes't leep't lens est’ t j6so't |zee'o |LeL°0 |LgL°0 |979°0 \eag°0 \e09'0 leny'0 |-* °°": & 
"orn g LSL8.1_l289't 6z9't |eoe't j6ez't \9st't le96'0 ‘0 |909°0 |6¥9°0 Tea YES 
| 690% locs't_z6n'T \66r'T I OT 999°0 |s09'0 |ez¢'0 lt6r'0 | 242 
= 

$L8'T T 396'0 |Z€8'0 |SoL'0 |LTL‘O |F19°0 z 
| i pot t lts6‘o |e98'0 618'0 \zon'o | Zt 

Ss : 80L Tt 900't [seo sts'0 | “tT €1 


g Geacal ites ey IZ'T g 
g §9 GS 6626 SiS eos YES 
€ SL°G | 6¢-% | 0F-s | S0°S | HS 
¥ : 60° | 18°S | 99°% | 8a°% | AS 
F 70°F | PES eay STS 00ns 99s j 
¢ 26°¢ Li9's | zee | co'a | YI 
“9 49°% | 02 + | 66 ¢ Lere | 3% 
73°8 | 68°21 6¢°2 | 96:91 9¢°¢ | coe | oz: | ote | 1 ral 


uy) (ar) 

[eatds 2109 
ge 22 

Yorrd NEG 


| | 


P96T “0 9880 EZ9T'0 0ST ‘0 |STST‘O SOTTO |0980 0 2920 °0 8€20°0 6290°0 T6¥0 “0 9940 0 |66€0°0 


| 
00660 |SI9F‘0/SLEF 0, 8E6E 0) 0E2E°0 OTe 0 $90€'0|0€8z°0 LEPS'0/ESSS 0} (Seyour) soqourerq | 


0/LH | 0/9# O/rt | «3% 0/G# Or tt et "o 9 -** ITM JO aztg 


180 


COLUMNS 
WEIGHTS DO NOT INCLUDE SPACERS 


WIRE SIZES ARE A. S. & W. CO. GAGE 


AND 
WEIGHT IN POUNDS PER FOOT OF COLUMN 


HEAVY TYPE GIVES PERCENTAGES 
LIGHT TYPE GIVES WEIGHTS 


COLUMN SPIRALS 
PERCENTAGE OF VOLUME OF CORE 


TABLE 46 


ove 1 leze'T ete't lezt't |t¥t 1 lss6°0 \298°0 \oTs'0 |sx9°0 |z09'0 jerg'0 lero |) Par alemn 
089° |p19 1 lzer't l9sz't lepe't |t¥0'1 l9s6‘0 |788°0 980 |999"0 |tTe9'0 |sso lsop'o || vee | 
grat lou, ’T [png T [STF E lone'T |9FT'T [0v0 T LzL60 |608°0 |zzL‘0 |Fe9°0 |zeg'o lots olzgp'o || ED 
¥o0'% |zn6't |ocn Tt £LZ'T |9ST°T |080°T looe’o |sos’o |zLL°0 |sc9°0 |999'0 \sts'0 lusro |""*°*) 24 
61z's 896° sept looe't |stz'T z10't |g06-0 }298"0 oFL ‘0 \969'0 |8L9°0 |sro ‘0 l69F'0 z 
08% °% reo'e Leet 980 t lost” gge't Lst't |zeo 1 |z66‘0 |s¥e"0 [820 |099°0 |Lz9°0 |9ss'0 | éT 
pez ZlTT6'T lee. 1 \6t9 Tt leve t \s0z't jest tl9g6°0 |6r8°0 oLL Oo |TeL"0 |9z9°0 | F4T LT 
oz‘tt| ez oll_s¢:6 | g¢°s | oes | s6°9 Loe:9 | 68g | 06°F | zee | 12% | se-e| Go's |p mere aes 
1z°zt| @2°11| 17 o1Lg¢'6 | 90°6 | zg2 | 28°9 Leva | ses | zee | og'F | tee Loge | | ye | 
oF-e1| 16°Z1| 9FIT| 62 01L.96°6| ges | 99°2 | 20°2| 88°¢ | gz'g | F0°¢ | ogy | 02's Loge Lar‘e | 4g 
FO FI £2 FIl_ZZ-z21| FF:IT| 80 11L9z'6| IF'8 | 98°2 L¥o'9 | pB°g | I9°S | 62°F | ITF | PLE ve | soe | ez | 
ze pil 88'zil 9F-ZI| IF O1LGe6 | 78°8 | 9¢°2 Lugo | ze-9 | seg | g9°% | 02 F | 66's Late eY 
02 FI| €@ FIl_06°IT| 08 OTLOrI‘ot| Ty's | o¢'2 | 12°2 Lgt9 | o's | os'F | 9S"F | O8'E | Fer 
6seil 19°2T| 62 Il 18°6 | 92°8 | ees | zt-zZl st°9 | 09°¢ | erg | see | S41 
Le9°t |gne 1 l¥ee'T \eez°t \etz rt |sto rt Ltz6'0 |T98°0 |L1L°0 |6g9°0 |sT9°0 asta fSDES Sn [ieee € 
og, °T \STL'T |Tz¢ 1 |99€°T |pze'T [LOTT |F00'T lo¥6'O |z8L°0 \L69°0 |TL9'0 |zLG"O lteR'O |" | Fee 
|ove"0 192-0 lesz'o \ez9°0 |tr9'0 [z6s"0 l99n"0 |" -* | 3s | 
log6"0 |zg8'0 \0z8°0 |669°0 1090 |94S 0 Bad ee 48 
¢L0 1 l6S6‘0 |sz6'0 |982°0 |9L9'0 |FT9'0 |S89"0 |66h'O z 
6%%'T |L60 T |PS0 Tt lg6s'o |fLL°0 |TOL“O |999°0 \oLS'0 | FET 
sept leLz'T loss t \6F0'T|106'0 |St8'O \LLL°0 |999'0 | *4T 91 -. 
: lo @) 
09°F OL'F $6'e “gee Loes:z Pre RG ere Ry ee | cee e om 
zo's | st°¥ | og F | 99's | o's | 4% 
Cele NZOiv |plav seh |) Lr S| Ses 24% 
+19 Lore | 9z'¢ | sth | 98'e | og WZ 
06°9 | S19 |.z6'¢ | go's | ses | Fe'e | FZ" | 02'S Z 
6s'2 | $0'2 | 92°9 Lou's | 96°F | og'F | sae | 99'S | TET 
02°6| 12's | 06°2 | col 62's | g2'¢ | 66°F | Zee | 34 
y9n‘o \zs9°0 |\9s9'0 leso oltsp'o |] 
LO ‘9 jeza'o lonp'o |p 43 
0 LLG'O |\¥2S'0 \uer'O || =348 
0 -o [t¥9°0 \zsc'o jzeg'o lez¥0| fxz 
‘o \zz‘o \¥99°0 |zz9°0 |zss'0 z 
#28'0 |ShL'O [OTL°O |809°0 | YT 
296°0 |gL8'0 \gzg°0 |60h°0 | {tT | SI 
02% Lees Pahsnt g 
¢6°% |\so°a/l_po72 |" "°° | ~Fee 
roe | $6°% | 62°2 Loge | 342 
19'e.| zee | ore | 99°32 | He 
90°% | s9'¢ | 6F'e | 66°S Z 
e9°%.| 02°F | 66° | sys | WI 
or ¢ | 06+ | $9 | 86°e | BET 


GAGE 


TABLE 46 


UDE SPACERS 


. S. & W. CO. 


WEIGHTS DO NOT INCL 
WIRE SIZES ARE A 


AND 


OTL | go'9 
: 6°9 
L0°8 
Lys 0 loov'o 
‘0 [8080 
6990 
6240 |TZ9'0 


028°0 |669'0 
z60 T |926°0 LE6'0 |66L'0 


£60 T | ZE6'0 


COLUMN SPIRALS 


I8'¢ 


80°¢ 


v 
8°F 
ES | 18°F 
6'¢ 

9 | 12-9 


862 | 29°L | #9°9 


¢6'8 | 29-2 


91’ | ‘ 


PF Leo'e 
G8'> | SIF 
co'¢ | $8°% 


PERCENTAGE OF VOLUME OF CORE 
WEIGHT IN POUNDS PER FOOT OF COLUMN 


SOTTO 


/8E20 0 6290-0 


99%0 0 6620 0 


COLUMNS 


OGLE 0 


S90€°0|0€8Z°0 


LEPS'0/ES%S°0 


HEAVY TYPE GIVES PERCENTAGES 
LICHT TYPE GIVES WEIGHTS 


oF bi 


182 


“(seyoul) dojourerq 


“"*"9LM JO zig 


COLUMNS 


COLUMN SPIRALS 
PERCENTAGE OF VOLUME OF CORE 


TABLE 46 


AND 
WEIGHT IN POUNDS PER FOOT OF COLUMN 


HEAVY TYPE GIVES PERCENTAGES 
LIGHT TYPE GIVES WEIGHTS 


WEIGHTS DO NOT INCLUDE SPACERS 


WIRE SIZES ARE A. S. & W. CO. GAGE 


ws 


98%°3 |L20 3% 


8éL 0 
sos 0 
¢33°0 


0L19°0 
TEL‘ O 
7080 


| 
TZe70 leopzosee 
980 |909 0 lugr‘o |° 
Lg¢"0 |Lg9°0 


| os sil_6s‘or 
| g#'1Z| 08 61 


€¢ “Zl L&T! 06°0T)] TE'6 


06°TI| F6°6 


: i lozet 


| Te Soe 


MoH 
m\ KON 
Nan 


_ 
my oo 
ies! 


1G 


SE OT] 89°8 


e9z'T |ShT'T | 
9Lb'T |OFE'T 
83'S 
£0 °6 
£601| 266 
91 @tl_g0°11 
g9°€1| 17 zl 
19°ST| 6I°FT 
Zz'sil so-9T 
LL °0 |ZOL 0 
£F8°0 [S910 
LZ6'0 |Zv8°0 
1g0't |9¢6'0 
6ST |ts0 T | 
Z0Z'T | 
979 1 leor'T 
88° 
11] 27°6 | 09°8 
OF ‘ZI|_IF01| 9F'6 
69 I1L_0¢ ‘01! €8° 
Z0°€1| Z8'IT| 90° 
| 06°FI| T¢°eT 
6¢ Ll g2°ST 
ZI8°0 |L8L°0 
988°0 |708"0 
488°0 
£86'0 
90T'T 
£92°T 
SLb'T 
6h L 
81'8 
66'8 
66'6 
Zo 11 
EFI $8 °21 


“os-91] 86 "Fil 


99% 0 
ses 0 
1290 


183 


Nef Noa St 
RA A os 
N 


~~ 


TABLE 46 


AND 
WEIGHT IN POUNDS PER FOOT OF COLUMN 


HEAVY TYPE GIVES PERCENTAGES 
LIGHT TYPE GIVES WEIGHTS 


COLUMN SPIRALS 
PERCENTAGE OF VOLUME OF CORE 


COLUMNS 


on 

mo 

as 160°T s70't lo ‘o |sss'o |g08°0 |929'0 |F19°0 619°0 | n5'0 A A i] NOC aly Settee e tors hell Eetocay a all teks seat ne Al years ayo ¢ 

a i err T PIO'T 6'0 2880 8810 0L9°0 9%9'0 1290 |99%‘0 see eoe eevee ee se ee ee ere tall a Rae alee bike. oe wa) poe UES 

BS LITT |00'T loz6'o |zt8'o /48°0 |889'0 |549'0 jzts ‘0 lzer'o | -*- aiken geal cararea 548 

a oFG'T [TTT |8L0' 1 |g06'0 |st8‘0 |99L°0 |ze9'0 |g99'0 [2490 l9or'o | e[e ane ie 4g 

AE |1s9°t tarlyee's £9%'T |stz'T |sto'1 |tz6'0 |t98'0 bis 0 |689'0 |9T9'0 |pzg'o ltab'o | fof z 

1B [OL8'T |96L'T |s6o | teh tT |Lee'r loot’ T |zo0't les6'o'l6te'0 |teL'0 |goL'0 |669'0 |9T9 0 |g9F'0 |s¥P-0 |: Yet 

Sy |s8t'@ \960 '%lese't |oL9 tT e19 ‘tl sset 8B 'T |BhT' t{s96 0 |298"0 |0z8'0 |669'0 |109'0 |949'0 |s1s olerr:0 | 2<t # 

ne) ere ee ear eee 

ad Tor COLE RNGOSG GLP: Sil woos Mine me aiebar eh ral intacenenets) sat eth cvalliaievedetetall ai axe ove os aca | 2 

53 89°ZT| 88°91] 86°FI 06°0T| 88°6 | $2°6 | 69°Z is eae i haan | Yee 

ox |-SE GI) A981) 4F°9T| O8' FI) SEF] 66'TT) 88°01] ZTOT| 9F'8 | ag°zZ | Os'L| ETO fe fe | 346 

Au | 8F I_g9‘oz! og'si! rror] ze-eil_zecet! Go‘ztl 6z' ET] FG Ere ttacae alah «farted aes | Fe 

oe | 21°¥2| te'ed_eo-o] 6F'st| 26°21) 86°FIl_eg-enl o2'ztl 29°01] $F°6 | 20°6 | en 21 Go79 [eree ef ete efee ee z 

Gi |-go-22l ao-9z es ed_p1'1zl 8F0g| et°2t| 29°91 maa 60°21] 82£°01| se‘or| ¥8°8 | 09°2 Lo6'9 | ee:9 | eas: 

Om.| S2'ee| F608! SFL) 99°Fs| Osea 86'6r] ET's] eo-orl or-+T| 6e-zt| OT’zt| Teor! 88° | 0's coh | soo | S41 

© 

as ort tT |z60't Loe ‘0 SoL ‘0 |t¥9'0 \66a'0 leey'o |" "|---| ited anariaita ipa e | as Pak i; 

BE leszt leet‘ lego T| 0LL°0 |00L‘0 |¥99'0 |F¥9 ‘0 lagr'o |n9¥'0 |" °° eG Ae gas ce Be ca oe | %e 
998 'T |ZTE°T |F9T'T |9F0'T |TTO'T |258°0 [6940 gtz‘0 \g69'0 |FEG 0 Teel peal poneas Up aAlaR ssa eae, 24% 
sts't |sop't |sez't tort |pet't Lr¥6‘0 |¥98°0 |g6z ‘0 |9990 \s6c°0 lone-0 \asr‘o |< - Di Oe al ice eaeNle aa ag 44s 
80L'T jor9"t logy 't |zos"t |99z°T jo90't [196°0 |e68'0 |ge2°0 \299°0 |zv9°0 2597015 0 [ocelot lee z 
z96'T |p28't |s99 t lees 'T [25%°T lOTZ’T [860 T res 3940 |¥8L°0 |¢z9'0 |Le9 ‘0 lssy'0 |e9r0 |” ae 
LL&s |L8t'B love's |eo. t \se9 tlzete't |tez'T |s6t’t |266°0 |6se'0 lecs-o lezz ‘0 |1z9°0 \69¢°0 lore ole9r'0 | 24 €% 


I¥°S1| O8°FT ares O8"IT| TF'IT| 2¢°6 | 69°8 | 11's | 92°9 Leo-9 
LL°9T| TL°9T| 66° FIL_%8-21| FF I! sF'or| 2F°6 | GB's | ze'Z : 
6F'ST| 9L°2T| GZ°ST| o2°F1| IZ°et| se'ttl Ie-O0T] F2°6 | O'S 
¢°0| ez°61L_og‘zt| z°¢1| ez-etLsz'ztl s¢‘ttl tg-0t| 00°6 
ZI'€z| 06°%z| 69 6tl_69"21! FI“Z2T| ZEFT| 10-ell_St'2Tl Stor 
zp oe_Le'szl_oe'sel 220% oe 8¢°91| 88°FT| 06 e1l_go"1T 
09°6Z 9e 94 6S°€Z| S8"Zzl_ZI6T| FE°ZT| OZ*9T| OG EI 


: (ay) 
[eirds | 9100 
oo he 
Wott 9) CUBIC, 


F96T 0/9881 °0 


ELIT 0/E0ST “0 9SF1T'0/STZT‘0/SOTT 0/Ze01 0/0980 °0'2920°0/8220°0 6290 °0| L¥S0 0) 16F0 0 99¥0°0 6680°01 pi (ur ‘bs) vary 


000¢°0 00640 


STOP '0|\SLEF 0 | SOEF 0 SEGE'0/0SLE 0 S798 “O;OTEE 0) ezle"0 e900 |0E8z"0 S39 °0/00E%'0 LEPZ “0 ESZS "0 *-(Soyouy) roqgourerg 


O/Lt | 0/9# | «934 | O/G# | O/r# | 18% | O/e# | O/e# | 1936 | OF I# Git at Sit be [°° °°" @aTM jo azig 


184 


COLUMNS 


WEIGHTS DO NOT INCLUDE SPACERS 


WIRE SIZES ARE A. S. & W. CO. GAGE 


AND 
WEIGHT IN POUNDS PER FOOT OF COLUMN 


HEAVY TYPE GIVES PERCENTAGES 
LIGHT TYPE GIVES WEIGHTS 


COLUMN SPIRALS 
PERCENTAGE OF VOLUME OF CORE 


TABLE 46 


090°F |LTO'T 
E9T T |STT'T 
63° T |tro'T 


GSP 'T |L6E Tt 
€99'T |L6g'T | 


OF6'T |€98°T 


Te sil 6F LT 

2Z8°61| 80°61 
98 °TS| 66°06 
8G"EC) TE &S 
GE" LEL ES" 9G 
GE'TE 86 6a 09°96 ¢ 


er o¢l g0'FE 


300 Tt |L96°0 
OOT'T |ss0'T 


OTS T /O9T'T oso tT | t 


ye T |06Z'T 


ttg't lrs¥'t 


LvL'T |999 t lteP'T 


vee tT jens crs T | 


710 3 | 


|_z6-or 


6TL°0 |Z09'0 ots ‘0 
68L°0 |LS9°0 LSs°0 
2980 |TZL‘0 190 
ss6'0 |Z08'0 089°0 
8L0°T |zo6‘0 79L'0 |L89°0 
zez't |t0't l9e6'0 |#48'0 \szz ‘0 
Sey 'T |Z0Z'T 020 T lers"o 
0¢°€T} 6z°IT 1g °6 
€L°F1| ZEST PF 'OL 
0%°91| 99°ET SPIT 
|_o0st! 90°¢1 92°81 
Go 0d_¥6'9T 98° FI 


el’ ez| 9¢'6tl_2¢°21] TF: 9T 
ssz2l 00°22] 6¢°2z 
L¥L'0 |Fz9'0 
718°0 |T89°0 
968°0 |67L'0 
le66'0 |zes‘0 
ozt tT l9e6‘o 
08z'T |TL0'T | 
eer't \6Fz'T 


| 1 6ll ¢6°ST 
arora 
BLG'0 

9£9'0 \6z9'0 | 
90L'°0 889°0 
760 |Z99'0 
106°0 |992° 


TG LT} S891 
IT 61] $é°8t 


10°12} 81°06 
GEES) CESS 


LB 96 ze Sal LEGG 


G0_0€| €8°86 
G0 °SE| €9°SS 


80°F |900'T 
SFT T |L60'T 


8S%'T /800'T 


G8" 8Z|_ 89° LE 


z9 ee] 6 ee 


|! 


OF ET) 86°ST| 98°01 


69 ST 

GL'1G 

9LL°0 |649°0 
Lv8°0 |80L 0 
E60 |6LL'0 
T ; 


9T PT] S8°TT 
SS" ST| $0 °ST 
8F FI 
66° 9T 


tort |st6'0 


L9VTT| $0 OF 


€8°8 _9Es"Z 


$96 0's | v4 


09°0T| #8°8 
SLIT] 18°6 
GZ"§T| F0°TT 
ELSI] 19°ZI 
49-21l ZL FT 


erie ae 
€2°6 | 76°z Loz'z | ¥8°9 
1L°01| 92°6 86°2 | 


NH AS At 

rN A od 

NAN OD 
185 


TABLE 46 


WEIGHTS DO NOT INCLUDE SPACERS 
WIRE SIZES ARE A. S. & W. CO. GAGE 


COLUMN SPIRALS 
AND 


6990 
Tt9°0 
&L9°0 
9bL°0 
£00'T | 08'0 
LOTT 1696" 
688 'T |/6TT T 


9ST 
LB°ET 
09°FT 
6G OT 
$381 
$806 


ost Tt 


SLIT 
08ST 
£0 FT 
$9 ST 
€0 Tél 6g" LT 
0 FS] TL'0G 
40 °8| 9F ES 


a 


801 


€6°TT 
Go°ST 


PERCENTAGE OF VOLUME OF CORE 
WEIGHT IN POUNDS PER FOOT OF COLUMN 


9ST O|STZT “0 


SOTT*O/ZE0T “0 


2910 °0'8€L0 0/6290 °0 


SOEP 0\8Z6E°0 


0GLE°0\Se9E 0 


SZTE0/S90E 0 0E8s 0 


COLUMNS 


HEAVY TYPE GIVES PERCENTAGES 
LIGHT TYPE GIVES WEIGHTS 


0/¥7 


0/Si 


0/et 


a°36 | OF It 


186 


NW Ad NS \et 
A o\ AA RA od 
MA NNAN OY 


NA \ 


“** "Cur bs) Roly 


*(SeyoUr) JeqyomeIq 


"" "ITM JO oZIg 


COLUMNS 
. CO. GAGE 


WEIGHTS DO NOT INCLUDE SPACERS 


WIRE SIZES ARE A. S. & W 


AND 
WEIGHT IN POUNDS PER FOOT OF COLUMN 


HEAVY TYPE GIVES PERCENTAGES 
LIGHT TYPE GIVES WEIGHTS 


COLUMN SPIRALS 
PERCENTAGE OF VOLUME OF CORE 


TABLE 46 


| { 
L09°0 |L0s°0 logé'o [es see [eres : 
z99'0 |¥ss"0 |s0s ‘0 | ooo Co rg 
SELcO GOO OSES OTISTOLO LOGh Ol Oe a ey ee eames 24g 
Gas ONSESTO FIDO [SLCONSEE OC oe ae ee en ee 4g 
606°0 |T9z°0 |t69°O |979°0 |Lgo°0 leLF'O lt9v'O | z 
“Tt |ov0'T lozs‘o |06L ‘0 Joc eee Jevee es ¥4I 
- |ztz't [pot |[tz6°0 |t98"0 |ZTL “0 \6s9'0 |st9"0 |Fzs'O|TSF°O | ZC ze 
OL‘9l LP etl Cat | oa al ame ee ern ao ae ahs eviccennnllvactecsrale aes Ss 28) | he ea Jese--- | ¢ 
99°21 PRE ete ee ell PAPO eal ooo al |e Sam ort kes a 
Ze61| 91°91] 69°FT 692 TALL seals heal ee ae 
OP ALCMOGHATIGZCONl Ges LeSoeCLln eu auli ss cules ls E4z 
-pz| S12! 02°0Z| ee'et| st-21| 92 Pilwe'atl eaarl Z 
09 221 60°£2| $602! 99°6T| OL 91| FE FI| 66 ETL Z6-IT an 
02°! 6 9zl eF-Fz| ZB°SS| ZO] 96'9T) ZE°9T| 16°EI| 96°IT 247 
Graco rey Crean MET Aid Ora Bey | 4 
89°0 {ono |gte'0 last'0 | | 5 ca NU a teu 
1910 |gz9°0 lons0 es:o |pv'o DERE Sey el eorete ag 
ses ol eorelsea oR bata oe 
¢8L'0 |sth‘0 |999°0 ieeb ol lacv6 rik ia al oe zi 
ZL0'T 868°0 |g1¢'0 |T9L'0 |Fs9'0 [999 '0 |¥e9 0 |¥9¥'0 TC 
Z92'T |s¥0'T loge’o |s88°0 j0FL'O [099°0 |sE9'0 Tr 0 | 4 Te Ab 
| = (oe) 
8g'°ST ¢0 etl rae OMT pure aire onde ciatetareMetellt accWeut Bia) gieuairs, Nici womiekenws| Gwe: ecexeti a) Sitice, Sila ¢ re 
Me atl or euitostea osc pour ee el ae el ame tie MEAN Jesse aoe | v6 
oi Tel aweul oe senh tec en LR orc eas |e 8 Sas cn-e ag tt pee a 
Peenzine: al aircon eel ered Se ON Me Jrvvsne[oerets|=senns | xz 
ZG1e| 22°08] G8°9%| ZI PAL_LEES| Go°6I| FL°LT| 9S"9T| O8"ET TECTILES ATT Seo esa ee eee [pear betes 
zo‘9e! 69° ¥e| 69°0¢| 29°22] TL 9%l_veE"sZ] 22°0Z| €6°S1| SL°ST| L0°FT Tero (uaa gy hss ay GOS ERS oon Cus ie | ¥<T 
20 zl 92 oF 08°Se| 9T'ze| VIE] 20'92l go°ez| 60°SZ| OF ST] THOT] GL ST) 9F'ET SS -TT) [ee nei>s | gy 
éie-o lecero leve-0 \e00"a: e780 | z¥0-0 lrepo/lepy'o ee haga nce tok eee eesecke| ear sett . 
960 \p16°0 |t18°0 \6zL"0 |90L°0 jocs“0 lase9.. sero LTO (see Rapes Is Wives puree Wa Oia Bice | x8 
eyort 196051 Wieland ee ae ee | Seg 
GOTT |6TT'T £980 |ZZL'0 |9G9'0 |Z19'0 OLATONGOP OU Moy sleek ower te ACEI a ae Nel irae ck 44% 
608°T |LG%'T |9TT'T |z00'T |0L6'0 |Z18'0 |LEL°0 [8890 |fL9°0 WTS | GOPsOe| ser uae eA Ne cms [ca en emo z 
96% ‘1 LEFT |GL@'T |ShT'T [601 T lzz6‘0 |z¥8"0 \98L'0 |SS9°0 [F890 S60 O1GLP ONY OS ae Yer 
99 T jong't [Le¥'t 9g¢'t |F6%'T |t80'T |ze6'o \LT6'O |¥9L'0 |Z89'0 |999°0 eng 61reP Oa ees eat 0g 
te‘0z| T¢°6t| og ZT] $¢°St| 90°ST| O9'st| er TILSg‘oT) ee g 
91°Zz| 8Z°1Z| 88ST] 96°9T| EFT] FA°ET| PST] VOTH O26 [| ; VEZ 
ge -7z| IF ezl_22°0Z| 99°ST| 20°81] 2t'ST| TZeT| TS'sIL SOOT) neha ee 246 
60°22} 10°92] 20 ecL_&2°0z| 80°02] 089] FZ°ST| 2° FT ORGIES CROMER TOT surname: oe VAS 
1¥°08| 92°62| 96°92] BEES] 6S°Se| 06°ST| FI-LT| TOOT] FEET) OG TT| SF 'TT OUGGi te pee ace % 
Ze Pel_PP ee 29-04 69'92z| 28° Scl_09'1z| 69°61] OE 'ST| Z°ST| 09 ET| 6O'STLGL TL) cseisaiee YI 
£9 °0F eee) ee 60 18 a als esd GE°1Z| 6L°L1| L8°ST| Le°ST (O18 OT Ee 341 


TABLE 46 


F CORE 
OT OF COLUMN 


AND 


WEIGHT IN POUNDS PER FO 


HEAVY TYPE GIVES PERCENTAGES 


COLUMN SPIRALS 


PERCENTAGE OF VOLUME O 


COLUMNS 


WEIGHTS DO NOT INCLUDE SPACERS 


roa) 

a) 

si eeyeiee. Eaelhe yeeros Sut ce (ap esi ae Mie okie ua ave ans Pre 

MCN CA MCN IE Mth Boe Cad ae | a ca he 

Ge [nee [LO 0 191 © Re eee eres Toerre ee eeesfeeren 

5 
¢ 9£9'0 gL¢'0 6g¢9'0 . p).e.8y0"8 6 tl fe Been hl rare ke sete irewer ropaoxel eta tere n | eae og VAS 
ic 91TL'0 |0S9°0 |L09'°0 an ru hl aca ta a eae gael ee eee z 
8 6°0 |6T8'0 |shh'0 \G69°0 |8L9°0 Sree SeeO ee EN ee Oe ae Yet 
° ost Tt Tet 1 |996'0 198'0 |0T8'0 |SL9°0 |Z09°0 rear yg W ewe Wa Poe nn Oa oa vs 
< 69° LT eri gee Wier srs Aline ate sal tanya ieee lomo coger Dag ae ¢ 
>| 0e'6T| OL°S8T| ¥9 ST OT arcs tena ek ae Sega Fa] A Rasa ODN RA tees GBS ae Yo 
CI nae et ee Mod. Memes 24g 
D G3°SS Il’ 61 BT Prt eames SOMA) Ue Coa Sa eee eh ah A ee er bal ek oe VAS 
Ss 12°92) 09°13] 19°61| Z2'8T| 8 St SSTOMICCOCOLehe wall wane) Reacts es sane z 
A SPs 68 PII Gk alleen Near ras Wilvdens avalos One r<ne Yer 
ra] 7 oe Le. eee Boe Oe ies Z4T 
e NaN A RO uccate Woman t lemtecenatr evan 


ON 
RA RA oN 
ANNAN MO 


Spee. ea onrthe, Chak} WOM ere | 24 Ze 


—- | ; cay | Cu 


yeards 9109 
gO ye 


pra | “wed 


FOB O\9S8T 0) EL9T 0 GOST 'O|9SFT O|8TZT 0 COLT 0|ZE0T 0/0980 02920 °0 8220 '0|6Z90 “0)TFS0 0 16%0 °0\9940 0 Ey OE “bs) Bory 


000¢°0 006% 0|ST9F"0|SLEF 0 |S0eF 0/8Z6E “0 ogzeolezoe OloTEee"0/SZTe "0/2908 "0 08S "0)E96 "0 00gz"0|ze7s olesze "of (seqouL) JoxomtVICL 


No 
CoN 


o/et \0/at | «944 St Prins mae aE I Ore2Z25 


8 


4 | o/Ld | 0/97 12, | 0/S# | 0/¥7 


LIGHT TYPE GIVES WEIGHTS 


188 


COLUMNS 


AND 
WEIGHTS DO NOT INCLUDE SPACERS 


WEIGHT IN POUNDS PER FOOT OF COLUMN 


HEAVY TYPE GIVES PERCENTAGES 


COLUMN SPIRALS 
PERCENTAGE OF VOLUME OF CORE 


TABLE 46 


cS Zre 0 AS Bad CLe| WOtciErea | eon cl dcr cinco) Ro neS oe ica | Gne We eat Vesta oe [Farce tap sia sif\atte teretasce € 
© | e220 |trL'0 \ss9"0 |T69°0 eure |e ale me eer aeay see Haat es ned ar ine: irs Wee Mie caches IPSs gee v8 
oO 0g3°0 9180 7ZL'0 0s9°'0 629 0 (ozs 0 | expo USN RE em cao eee ete eee ites Cee lelllbwy acre evra PSL res ete Tales ae! ool wakes sland 87a Wi teatgrsatyat salle, seamen Us 
5 |p56:0 |906°0 |#08'0 (zz2'0 |669'0 989°0 care loevio Mere ere a eee iran ug 
© |190'°T \eto TF 18060 |€T8°0 |L8L°0 8S9°0 |869'°0 SGGk ONCOF OU Gk alee ee oe ee eal eae a nas z 
pe [FIST port es0 1 |6z6'0 \668'0 |Zg2'0 |£89'0 |8e9°0 TEGCO PLEO SST Ole ee ee vet 
3 [Stet 6SE°T |90Z'T |€80 T 670 Tl exe 0 162°0 |\b7L°0 |0z9'0 |Esg'0 |zeg olssp'O | hee aa Le 
po Wien ereclarci see eo eimes eo Te a re ee | . 
B BF 2) LE°9% OF ‘Ez! FO 1% LE°0Z Creme eee RE Ee tit || Seer oe) Pete rerery Sour racer | Sr eA cede: hate cod Soca hae al haceszaaticoe 744 
gq | 16'08| 00°62) 29°8z Zl &Z| 68° SS CE SUMCOLITL RS eT) oe Ve ee eee eet 4S 
A | toes] pe'sz| 69°8z| 89°Sz| 88"FZ| 08"0Z| 06°ST| SLY TL PT | Ream ees | ey ag VAS 
< |"622e| 22 9el_61 Ze] 06°8Z| 00°82} OF ES] GT°TS| FSET FEO) Aglare paachoa| EES lial lard ae |e (tears j 
B | El eh] 9 14] 92 °9e| G6 ZEl 86 °TE GL°9%| O&° FS) OL°S2| 06° : OI eeuae ieee pote a Vitae Rese | YT 
N | 9¢°0¢| oe Sh 16°Zh| GF Be te ze oo'te| PE°8s| 29% : SGcSTIL CL Ola acme hoses ance aks AL | 
n | i 
ig 9z1'0 |669'0 0z9'0 1n¢9°0 6680 |ISF0 Brdageehe miliate snetios |i ped ete aes hoot ete (SN eke ost etira sacred ast Zo) ball ug cay Tatars | eco a vanced ayaa bers ¢ 
~ |76L°0 |Z9L°0 |949°0 |809°0 SE a Sree cane ak eel ae baal ete ee a eae vies | 
= |ezs‘o |ses'o jeh2°0 |899°0 |L79 0 THs 0 | Zen: ae aan sia 4 vy ate | 345 | 
c x ZPL'O ,6TL°O |T09'0 hostess pce 
tare islet eles bile Ol fA ke Pee pe pe ; 
; “7 |gs6'0 |1626'0 |€LL'0 Se rae ee VAT 
Gop’ T |L68'T |Ov2'T |STT'T 810° 1 1Z06'0 aif 84 9¢ = 
| r | | oe) 
Zo PZ] FESS S8"0z 92°81 st‘estl oz onl cafe fice a Pe evel Ns Cust tn eee peh ected WR Pee oe Dye hes eA oteete We ait ee | ¢ | mo 
TL'9G 89°SS BLS L¥0Z e861 6° 1 co ST Siransnelelbl Ure Nineuiste re} imAbinrin re om!| UNeuire bra tees st Sfates }iereeeutacace APOE ee ree | 246 | 
ez'et) og oll o°gtl on Seren ee ee Mri | See ee 
1Z°0Z 6ST SILT If FL See tg ia bye, . eee oo altar ith een: fete. whl vee ail ect ah calc roy BPR Aw Pe) eh | Vis 
Parez) SO OTL CS CIOL OE COS MET Poe ON a z 
10°92| ¥9°SS| 80°S3| OF ST Ty OTLogssths ie eae hm apa tees Bh | tT 
HE'OE| GF'LB) LL°96) LH TZ CT6l| SF Sil OF ST oe ee A hi toile (ae capa SAT 
 |6rL'0 |etz0 |g89°0 |£29°0 sino le ro} PERS et eke asl ean |e RSS ese ae aera Parole pe : 
2 4 ; : oa PPO? (ier ee een ee Mis NIN ee meen lin ore ere font Mere ayes vz 
Hi faa oiipatiel sia ae eee Licw-rean apne abies Joven ag 
g e190 |zec"o ; PI A eae oko ll ep call Rud Nl ch cae ied eee AS rs a 
s 9690 (890 nr Re Ns eA eens oe Sa Een Fe Jee : 
E aee'o leen"o eepro jos ape os eae egies Geena Lae “tT 
S 8z6'0 |£¥8'0 jzoo' 0 | 62% '0 tenes Pies ieee | 34t ce 
Lal 
io) ze‘ez| 28°22! 6Z°0z| €2°ST oo° LU 2eetl Ananeiecas Werrnes teas Hearteudiecs Iemma luce aeatcaereimcom Ne Nao Jossaee | ie Soo ¢ 
5 86'°SS C6 FS PL '2S 88°61 92°61 Troll ZO FI are ret wile [bene ete) (aahe Wiss (ya) aces (hor Bega | PN Garth cathe: Wi ROMO TT aoe ez 
& | co-gz| eb 2c| HE°FS| L8°TS| GT712| SL°2T| 8O'OTL OST) Ge aes ieives Guincho [ile oad hae sees 24G 
 |"9)-tel_o¢:08] G0°22| 08° F3| F2°ES| 69°61) L8°AT ROMO ROGET a a ata ce ala cack Wega aay eada VAs 
f | e4:se| 127d se'22| 8F°92| 9T°Zs| O1'0Z| 2L°ST| o-sTL_ge-er} "| Ptaol <Plsneassast |S Lat Z 
© | £8'0F| 1c°68| 82° 7S 72 1el_2608| ZE"SS| L6°S| OF" TS) 88° LT FOAOTEPSCOLI ie “achiral mana weme tg ieee ME ei 
a £9 ual FL 'Sh| 8S'0F| 9F'9E reed #9°6Z| 08°92) €0°S%| 98°0Z| 09°8T ORT LOZ AO oe aaa eal nas ee ral 


TABLE 46 
GAGE 


WEIGHTS DO NOT INCLUDE SPACERS 


WIRE SIZES ARE A. S. & W. CO. 


COLUMN SPIRALS 
AND 
WEIGHT IN POUNDS PER FOOT OF COLUMN 


PERCENTAGE OF VOLUME OF CORE 


COLUMNS 
HEAVY TYPE GIVES PERCENTAGES 


LIGHT TYPE GIVES WEIGHTS 


Peay Yio oeaioorc| (eeeiain oil heidi nib) fel aiio| Ieee ence) lerceraicr | careers| peices air cee “ues 
z1s0 |99%'0 pul Babich pena arnc lf inunecionra (a cement! ere encure latent cca aed ae eared lee ceri FA ug 
69° °0 LIs 0 |es¥'o SO RRC AAP Ouo ies a mde ebeah ull teseetes, eibell bo oltoteat aes Soicaute Py teow" | A eet ovr ayicl| fen araaca Us 
079°0 |z8¢‘0 ere ‘0 |zer'o Ace eR] topo eee noe Rachel Mee Aco Rowe) cetyl oer oppeee al maracas Zz 
ZEL°O0 /999'0 |TZ9'0 |LTS 0 lzov'o uA AD oR | Ge ae a a i 8 | wat 
$98'0 |9LL°0 |FZL'0 |¥09'0 (8890 |sTS 0 lt¥°0 Spies (vd aaenten| tempter | errs BAT 8é 


Pac aeibaratc tanec lee Manado Meee lo occk Maan TiN cal e wa Nanas é 
AS ia cele he et imines a Heres cai tie 2 alae a Le Bes xa 
6z 61 OG Te ee = ess reciesaaell lage eres e eem ntecellfws neve et |ouatere te alllale rr eue|[tolaiera si uz 
Gs iP CU OL STs eee ee ee eee ape we ermal ee ye 
Fe eel ea ieeecod coe ee ae ee ACM ie es |e aes eee] pect || uke fo | 
99°22] 00°gz| ¢e*ez| 9F 6tl_seztl oz‘ot|--- foo fe ieee Mere VEL 
81S] 82°6F| OT'PP| 29°6e| EF Se ST'zeEl 2T-6z| Ez'2z] O2°sZ| FZ -0Z| SP GIl OD'OT| | lf eA I i 


GED ge) 
[eatds | a100 
jo | jo 


wug | ued 


F96I0/9SST“0/EL9T “0/091 “0/9SFI 0 |STZI “0|S0LT“0|ZE0T 0/0980 ‘0/2920 0/8220 0/6290 “0| TFS0 0/1600 9900 66E0°0)° °° (‘ur "bs) Bory 


00090 006F'0/ST9F ‘0 /SLEF 0 SOEF'0|8E6E 0)0E2E 0 goon ees SETE 0 |S90E 0 /0€8S'0/S29S ‘0/0083 0 | LEFS 0 E9SS°0) (Seyour) tojyouTeTG 
| | | | 


0/L# | 0/9# 


0/Fit sf aa ae *OIIM JO eZIg 


0/S# | 0/t# | «936 | OF If Gi as Sit 


190 


COLUMNS 


AND 
WEIGHTS DO NOT INCLUDE SPACERS 


WEIGHT IN POUNDS PER FOOT OF COLUMN 


HEAVY TYPE GIVES PERCENTAGES 


COLUMN SPIRALS 
PERCENTAGE OF VOLUME OF CORE 


TABLE 46 


oy OSes Wirrars PRITLoy ee Coe sl eek me le ae | 
© [eso leap-o.(ena-o [renro froma |aer’o [0c [ fp “e 
o 79¢'0 |797'0 | eran febcteet | eetastimn ike oa) | oats eaten BAe 
mn 919°0 fererelgovo so eee aRae eee: | Ky 
© |ec6-0 lges-0 |262'0 [otz0 \se9°0 |ezg"0 [gze'0 lzey'0 | eee z 
= |690°T 9z0°1 10T6-0 |8T8'0 |z6L'0 |e99°0 |t09"0 |z9g'0 |sov'0 |” v1 
* (SPF jeer? zoo 1 18s6'0 \6z6'0 \ezL°0 |ZoL"0 \9g9°0 java 0 |zey'o |” 241 ra 
a ZL 8Z 9¢"22| LF PA_861 ez IZlo = pains Al Weucs Oxo BH O,c Dea eal tole OFo" er nescee ° 
“| ee:t8| 60°08 ee ere ay Uh ai eds eee tee ate oe 
4 | iy-ve| ot-ee| 90°62) 80°02 aes iy leek ore ca oe aces Sats ai 
| 6z'se| 22°98] 2o°Ze| Te"6z] 6&°82| SL" haces Uz 
Bi leeocileceors toy oeline'vel ve Tener oolvervenmorey o8 8G CN cae eae ine, 
2 |¥o6r| 82 LA 46-15] 89°LE) 0F'98| es -0f) OL°Le yarem oo7tal po aes vara jpoee? eecstase ¥E1 
S Reese aN ee BCT 
2 g 
4 bes 
5 24% 
1B 
z 
wr | 
Br 6|COWL = 
Re Ar CUA Gel erent igre Mica ict gearic| hat eke oa | = 
FBI ac al aime et coer RON ee ge Paces (raced toga ve 
is ll ae ih Nee tie | peeten Cig Pate ese a 
Ee ON Le aioe y Wall ovate uaigee toe fa 
gr'Te G9 €% z 
19°S8) 62°62) €0° LZ Yer : 
; 68 °ZH FS°Ih| OL PE| 9°TE 341 
p (99970 [629'0 |8ss"0 alamo reat Bey | £ 
2 |yzz'0 |989°0 \609°0 |L52°0 [6290 |ZrF'O | | Ye 
1 logz'0 |psz'0 |o29'0 |z09'0 zea "0 i 24% 
= |e28'0 |ses'0 |prL'0 /899'0 |2¥9°0 T¥9 0 VS 
s 9zL'0 |609°0 9190 |osy'0 | z 
i ZE8'0 |969'0 0690 |T6h'0 j ee oe Vi ee Neier etl gal vet 
: one'o |T18°0 \9ez'0 |889°0 |sza'0 [tts Oo lzey'O [cos eae | 26 SAT OF 
[o) GPAOZ eae al soe wel amare eee me Sle |e Le BASEL] (PEP Vac VAN RSet ae (si ace PSE Se € 
: al e202 Natt Meee liceans Medien Miceli Pe hiies AR ye pe oon “Ke 
ps re PY leh ote peat reser jae ie es eS Noa: ake 
ey 00°2Z| 6¢°2Z PLUM oe ce Bale ames eel eg 
ce Be0e| IF Sz 902 ec ta Ser a es eile Serle wees tel eaenererere eres sas) ats len axe meen Z 
o ZL PS #062] S2°9% 19% Te od 6z°81! 09° LI er Nitto AG oO Re Ce | OO ach OH METI B82 YI 
=) SOF es 1 1¢‘0F| 68 fe] FL Of] TL'°8Z garorl va Ue) eo ONO ath rT A as RFE 


TABLE 46 
GAGE 


WEIGHTS DO NOT INCLUDE SPACERS 


WIRE SIZES ARE A. S. & W. CO. 


' AND 
WEIGHT IN POUNDS PER FOOT OF COLUMN 


HEAVY TYPE GIVES PERCENTAGES 
LIGHT TYPE GIVES WEIGHTS 


COLUMN SPIRALS 
PERCENTAGE OF VOLUME OF CORE 


COLUMNS 


969°0 T2290 |209'0 |9gP'o |i ft tee lee efor e t few eww efen eee cde r eee affiadcrorc Aiistiis rac|ot on oe 
6¥9'0 |sz9°0 lege |z6F ‘0 SONY cerns cos |Leunremres all chuetevece th teekenetens |fyvrctey svene!| tihota tee lee Saree || scree ober 


969'0 [Lb 0 
9290 |tz9'0 [sono {°° °°: 


06: Fa 09°2z% Preto ayanahatece Iban state talkers NOTM|| (tetera erat Neel, Saas Mee eee 
Z0°8z| SP ez : nV Ai uael he cusreitdtet Resa Peniecsl| Pet axa cee | Peony cesee | enraee eel ites ee 
60 °GE) G0 °6z ; SD ee aces Si EO Se sg eee cena 


| tet 98°28] 06°¢ ; fT eae (eae eat (aa ea (ct ae Rae 


| 
ets ‘0 | 
999°0 
£290 
69 0 “0 [S08 0 LLS%'0 
9990 7I9 0 | o PSE OI MAI ei Ven tein Ds Nace, Aerts! Weenie Sai 
1¥9'0 |8ge'0 ; Freya Reade) bee) etek eaten Mah Sea Mitoce/l ans cores ating nn opal enamine 
#SL°0 |eg9'0 a Py ES Ooseeckaee OD ay eh Pose eee erate Wekeseta sea en | 


N\A At 
mA ON 
be 


\. 


nv 
MMNNANAN OS 


NSN Xt 
Cad 


192 


PLOGMOGRECI ed ee SPAT BCD LAP ACH CIB Ie Gets Lal risriccw tara rater eer CROMER eal Cieties TAPS | ee owed ica CRE 
80°62] SE ' Fa Sh aa iee CESTREY SCOR CEE CS TSR ie in erat) Dore Ow Sens oY CRE are ree Hho, AE seri te cues acer al | 
GL OS [ST ee UE tnd | a) SH ok S74 POEs CACM Py Retematsry Ute caters ch fot are Ae eel Oe Puc ary yl le nee Pergo rh a ERY, | Wee ow Coke SA 
62°2¢ Gn nie , EH 0 ord (het 1 finale fda eS LIC frac gacsis eral | Oueie, sera cyl eemtne Cieereecd || Pa rt tour (ae gee wali ales ees 
69 et] 6F9E . . Oat di Wee CME es | PC Cath Pye ies ween Verne ine (ea R eS Fre ea ties | a | CF 


ea ey) 

[eaids a109 
4° 2 

Wud ULEAG! 


PIGT O/988T‘0/EL9T 0) 0ST 0/9SFT ‘0 SOTT'0|/ZE0T “0/0980 0/2920 °0|8E20 °0 6290 °0| LFS0°0 ‘0.9940 °0|66€0°0|"" °° - (‘Ur “bs) tory 


0009 °0)006% 0|S19F 0|SZEF 0|S0Et 0 OGLE “0 /SZ9E "0 OLES 0/SZTE “0 /G90E'0 0E8z°0!ez9s'0 0|LEFS ‘0 ‘0| (seyour) regourerq 


0/Li | 0/9# 0/Sz 0/é7 | 0/6# OF li Git St Toe" "9TT JO O2Ig 


COLUMNS 
WEIGHTS DO NOT INCLUDE SPACERS 


WIRE SIZES ARE A. S. & W. CO. GAGE 


AND 
WEIGHT IN POUNDS PER FOOT OF COLUMN 


HEAVY TYPE GIVES PERCENTAGES 
LIGHT TYPE GIVES WEIGHTS 


COLUMN SPIRALS 
PERCENTAGE OF VOLUME OF CORE 


TABLE 46 


u | 
Lss'0 ces 0 GLP 'O Wie. ive, Wout nee ee eee 1 Se: Pes aaa Oe TR oa RO a (Ree ica) Cee wi ed eC CTT ET a) Ain say hw 5 tic | rere ee ete] Ro aieetiat tae, cei tera, Ww. ore eam £ } 
809°0 |ss¢‘0 'gt¢0 199% 0 Se i eS ae ei [heats re oat ay ia ere (oer ccitere| (eam GCMs ec Aaa Wedisrsreke @ hee, actraeltbatreteus.cee eu 
Steere cea ISIC NS eh ee ee ee eke a eee ug 
sL°0 |StL°o |esa\o ¢ SNe ge oe | here meet ede allen Osea: genie t|P cecare: e fieea eg UR ate Bare roc ccd| eset arn | mae ane ae 
Bre gl lece oheiEb lesacpriéraca: lerorolonvo aero. oa Way le che per reer : 
Be ett | | | | : 
etry lese't | e950 75 1086.0 ee eee he eae eases: 244 is 
aeaS #604 CF LZ WP Ae OCR | onan rnrtes | Deere ea ie Berane ¢ | 
et-ce| 9228) Fo 6d Mes Jeenls Gee ea|audcos|non tos lagenss)fsucore | 
19°Re| e1-Ze| F6°ZE ; : Pan | amen | ote en eee | ein. Ball aon Sala cas a eis bet ae eee 2¢z 
elle eee esac ae eel ees alee ities soe es or ee ee ar ec ad 52 
See ae ost vioraiien dc! eere lena we vanteclvorcagl Pepa ey resales os | nial (Rese A ec aa 
$2 'S¢ $0 SF 90° LF . . . LE ee | Sate Nice concent eee YO] POON Oar ‘Gun Canela Wark aca peierig FEL | 
“FF F9| 68 '1al 06 Fel Ze: é ; ; : orate Jase Deiat on |e aie Jeseee baeauiss eet 
090 |259'0 lssr'o - 
1z9°0 \968'°0 6z9 0 | 5 | 
€89°0 |999'0 |289'0 2 | 
6SL'0 |83L'0 |L79'0 : US 
¢68°0 |0Z8'0 |8%L'0 \ : | | @ 
1160 |886'0 |ZE8'0 ; ‘ ; | | Ft 
gett £60 T |TL6°0 zt oF aS 
zee ee 689 an Sar 
62 FE] ZO SE 6z 62 wo | 
eg’ L1e| ZE°9E| B2°sE WS . 
£0°Zh| 98° 0F| 08°SE 5; YS 
8c LF| IP St| 82'0F : : ; Se ia | z 
+0 FS! 68'1¢| £0 '9F ; : 79 
$0 $9 re ool 02'S *¢8| 19° ; | 41 
zgg‘0 |699 0 |96%'0 s 
g£9'0 |0T9'0 |T#s 0 lor’ Sa eros Alan oles +68 
669'0 |TL9'0 |S6S 0 : ‘ ; . te 
9LL°0 |StL'0 |T99'°0 A i SOO Ite wren aur one “us 
€18°0 |88'0 |F7L°0 : wae | Tee? eee 8 
8660 |896'0 |0S8'0 ‘ ' ; wr | 
: ? : ; ; gore wet oF 
g- 

YEG 

US 

US 

z 
YE 
al 


TABLE 46 


WEIGHTS DO NOT INCLUDE SPACERS" 
WIRE SIZES ARE A. S. & W. CO. GAGE 


AND 


WEIGHT IN POUNDS PER FOOT OF COLUMN 


HEAVY TYPE GIVES PERCENTAGES 
LIGHT TYPE GIVES WEIGHTS 


COLUMN SPIRALS 
PERCENTAGE OF VOLUME OF CORE 
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TABLE 47 


Volume of spiral equal to 1% of volume of core 


Diam. of core 
(inches) 


Am. 8. & W. Co.’s gage 


COLUMN SPIRALS 
JOINT COMMITTEE RECOMMENDATIONS 


COLUMNS 


Maximum pitch =¢ or 2% in. 


Rod sizes 


Size (No.) 


Pitch (inches) 


Size (inches) 


Pitch (inches) 


134 
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134 
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TABLE 48 


COLUMNS 


AMERICAN STEEL & WIRE CO.’S STEEL WIRE GAGE 


Diameter Steel wire Diameter Area, square Pounds per Pounds per Feet per 
(inches) gage (inches) inches foot mile pound 
| 
Ly 0.5000 0.19635 0.6668 3,521.0 1.500 
7/0 0.4900 0.18857 0.6404 3,381.0 1.562 
1549 0.46875 0.17257 0.5861 3,094 .0 1.706 
6/0 0.4615. 0.16728 0.5681 2,999.0 1.760 
Vig 0.4375 0.15033 0.5105 2,696.0 1.959 
5/0 0.4305 0.14556 0.4943 2,610.0 2.023 
| 
1349 0.40625 0.12962 0.4402 2,324.0 2.272 
4/0 0.3938 0.12180 0.4136 2,184.0 2.418 
3¢ 0.3750 0.11045 073751 1,980.0 2.666 
3/0 0.3625 0.10321 0.3505 1,851.0 2.853 
1bgo 0.34375 0.092806 0.3152 1,664.0 3.173 
2/0 0.3310 0.086049 0.2922 1,543.0 3.422 
546 0.3125 0.076699 | 0.2605 1,375.0 3.839 
0 0.3065 0.073782 0.2506 1,323 .0 3.991 
1 0.2830 0.062902 | 0.2136 1,128.0 4.681 


eo 0.28125 0.062126 0.2110 1,114.0 4.74 
2 0.2625 0.054119 0.1838 970.4 5.441 
14 0.2500 0.049087 0.1667 880.2 5.999 


3 0.2437 0.046645 0.1584 836.4 6.313 
t 0.2253 0.039867 0.1354 714.8 7.386 
Lae 0.21875 0.087583 0.1276 673.9 7.835 


5 0.2070 0.033654 | 0.1143 603 .4 8.750 
6 0.1920 0.028953 0.09832 ~ 519.2 10.17 
346 0.1875 | 0.027612 0.09377 495.1 10.66 


7 0.1776 0.024606 0.08356 441.2 11.97 
8 0.162? 0.020612 0.07000 369.6 14.29 
560 0.15625 0.019175 0.06512 343.8 15.36 


9 6.1483 0.017273 0.05866 309 .7 17.05 
10 0.1350 0.014314 0.04861 356.7 20.57 
4g 0.125 0.012272 0.04168 220.0 24.C0O 


1% 0.1205 0.011404 0.08873 204.5 25.82 
12 0.1055 00087417 0.02969 156.7 33.69 
340 0.09375 00069029 0.02344 123.8 42.66 


13 0.0915 0 .0065755 0.02233 Hae). 44.78 
14 0.0800 0 .0050266 0.01707 90.13 58.58 
15 0.0720 0.0040715 0.01383 73.01 72.32 
16 0.0625 0 .0030680 0.01042 55.01 95.98 
17 0.0540 0 0022902 0.007778 41.07 128.60 


DIAGRAM 42 


Total dead panel load in thousands of |b. (Add weight of finish) 


COLUMNS 


WEIGHT OF TYPICAL SQUARE PANEL OF THREE-BEAM-AND-GIRDER 
FLOOR SYSTEM DESIGNED IN ACCORDANCE WITH JOINT COMMITTEE 


90 


60 


20 


15 


RECOMMENDATIONS 


(FOR ESTIMATING COLUMN LOADS) 


ea 


I6 


Column spacing in feet 
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DIAGRAM 43 


WEIGHT OF TYPICAL FLOOR PANEL OF FLAT SLAB CONSTRUCTION 
DESIGNED IN ACCORDANCE WITH CHICAGO BUILDING CODE 
(FOR ESTIMATING COLUMN LOADS) 


COLUMNS 


A 


HH | | il LTT HHETLETTEPtE HTT Le 


HELMET 
CITT 


stunt 

TPB 
~~ | 

SIT T RSs HT l 


= 

| 

Ea 

sy 

Y 

[ 7 | 

i a 

F 

= 

7) 

ea : 
ae 

a 
eS ES FER, 


| ~.] > a 

PMT 

HVUAEELLHMnassthagettn seen 

TPIT APSE oy 
wa 

TTT Tekh ass 

: b 

CET < 

N] 

TUITE TEETH tt Page 

Hl 


198 


+ 

2 

4 £ 

PTEEELECE RRUTTLIEE Tre] & 

THULE ROSIE 8 

SS RE | 

poop fafa FESS tS 

porcpepef enfant ft PS 
Hn HEHE ME EL EE ASAT 
CC UANAAT ROTH TTA ETESEAEEETGNOOOOOHTU HAASAN OL 
ORE Pe ee eee ee 


SECTION 8 


BENDING AND DIRECT STRESS 


Rectangular Sections 


The following notation is used: 
R = resultant thrust. 
N = vertical component of R. 
Z = eccentricity of thrust. 
t = thickness or depth of section. 
6 = breadth of section. 
d’ = embedment of steel—top and bottom. 
A, = area of steel on tension side. 
A’ = area of steel on compression side. 
A, = total area of steel = A, + A’. 
Ay 
bd’ a 
fe = maximum unit compression in concrete. 
fs = maximum unit tension in steel. 
f:’ = maximum unit compression in steel. 


Case I.—Compression Over Whole Section (A’ = A;). 


NK 
fe = ae (1) 


Po = total percentage of steel = 


: : A : ; : Wo d’ 
Diagrams 44 to 49 inclusive give values of K for various values of 7:,, re and 7? 


and for both n = 12 and n = 15. For values of beyond the termination of the 


curves, tension occurs over part of the section and the diagrams for Case II should 
be used. 
Case II.—Tension Over Part of Section (A’ = A,). 
Wipe bi | ee 2k) | 
an jE id es Wy Maca { 


or fc = Lbe (2) 


Diagrams 50, 51, 52, 54, 55 and 56 give values of k for various values of p,, 7 and 


5, and for both n = 12 and n = 15. Diagrams 53 and 57 give values of L. 


The method of procedure in solving problems is as follows: (1) Determine k from 
the proper diagram; (2) find L from Diagram 53 or 57; (3) solve equation (2) for f.; 
(4) find unit stresses in the steel from the formulas 


f. = nfe(% - 1) | (3) 


fv = me(1 - 5) (4) 
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Case Ill.—Tension Over Part of Section (A’ = 0). Notation is given on Dia- 
grams 58 and 59. 


k? — 2pn(1 — k) = ky a (5) 
j=1-—\%k (6) 
ke? d 
Pah =| 49 se 
Mont NOC ee 
KY pe (8) 
2Ne’ 
a (9) 
ft: = (10) 


Diagrams 58 and 59 may be used as shown in two of the examples which follow. 


Examples for Rectangular Sections 


A beam is 9 in. wide and 20 in. deep. The reinforcement both above and below 
consists of one steel rod 1 in. in diameter embedded at a depth of 2 in. At a certain 
section, the normal component of the resultant force is 60,000 1b., acting at a distance of 3.4 
in. from the gravity axis. Assume n = 15. Compute the maximum unit compressive 


stress in the concrete. 
A, (2)(0.7854) 


Pe = = CON = 0.0087 
Bo OE 

oy eae 0.17 

d’ = 0.104 


For these values of p, and = Diagram 48 gives K = 1.70 and shows that the 


problem falls under Case I. Then by formula (1) 
NK _ (60,000) (1.70) 


ifs hi (9) (20) = 567 lb. per sq. in. 
Change the eccentricity of the preceding problem to 6 in. and solve. 
5 Ne 
ee 0.30 


For p. = 0.0087 and = = 0.30, Diagram 48 shows that = is too great for the 
problem to come under Case I. The method of procedure for Case II must then be 
followed. 

Diagram 55 gives k = 0.73 for the values of p, and = given above. With k = 
0.73 and p, = 0.0087, Diagram 57 shows L to be 0.123. Salrne equation (2) 

M (60,000) (6) 


to Lot ~ (0.123)(9)(20)2 — 815 lb. per sq. in. 


Using formula (3) 


1 18 


The stress f,’ may be found by formula (4). but is always less than n X fe. 

An arch is 20 in. deep and ts reinforced with three rods 34 in. in diameter to each 
foot of width, both above and below. If the rods are embedded to a depth of 2 in. and the 
normal component of the resultant thrust on a section is 100,000 lb. for 1-ft. width of arch, 
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with an eccentricity of 3.4 in., determine the maximum intensity ily of compressive stress on 
the concrete. Assume n = 15. 


(6) (0.4418) 


Poa (12)(20) = 0.0110 
he 3.4 | 
poe OO =O 170 


Diagram 48 gives K = 1.63 and the problem comes under Case I. Then by. 
formula (1) 


NK _ (100,000) (1.63) 


fe = i (12) (20) = 679 lb. per sq. in. 


The vertical wall of a cantilever retaining wall is subjected to an earth pressure of 
2400 lb. applied at a distance of 4.54 ft. above the top of footing. The weight of vertical 
wall is 2200 lb. which can be considered as applied 5 in. in front of the steel. Determine 
the unit stresses f. and fs, assuming n = 15, p = 0.0077 and d = 10.5 in. 

The moment at the top of footing 


(2409) (4.54) (12) + (2200)(5) = 141,700 in. — lb. 


M= 
oe metre. 
141,700 


dg. (2200005) ° 


Entering Diagram 59 with a value of p = 0.0077 on the lower right-hand margin 
: ; e ; 
and tracing vertically to a value of par 6.1, then horizontally to the left to a point 


vertically above K = 107, we find f, = 14,000 and f, = 610. 
Design the vertical wall of the retaining wall described in the preceding problem 


_ so that f. = 750 and f, = 16,000. Assume the weight of wall to be 2000 lb. 


For these unit stresses the left-hand part of Diagram 59 shows K = 133.8. Then 


Cir ese | 
+ 33 = 4 
d (133.8) (12) 9.4 in., say 914 in. 


e 141,700 : 
@ ~ (2000/95) 


Following across the diagram horizontally to the right to a value of - = 7.45 and then 


vertically downward to the lower right-hand margin, we find p = 0.0085. 


Round Columns 


Concrete outside of the hooping is neglected. The following notation is used: 


P = direct load (compression). 

e = eccentricity of load. 

r = radius of column core. 

p = total percentage of steel. 

fe = maximum unit compression in concrete. 
f.’ = minimum unit compression in concrete. 
fs = maximum unit tension in steel. 
f:’ = maximum unit compression in steel. 


el 


Case I.—Compression Over Whole Section.—Diagram 60 gives values of . P 


for various values of p and <, and for both n = 12 and n = 16. 
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Case II. —Tension Over Part of Section. 


The right-hand side of Diagrams 61 and 62 gives values of 7 in formula (11) for 


various values of p and Ss and the left-hand side of these diagrams gives values of . in 


formula (12). 
Case III.—Bending Only. 
R M 


iB — arf, (18) 

R M 

a es ar fs te 
Values of = and > in the preceding equations are given in Diagram 63. Diagram 


fe fs 


64 gives the concrete and steel stresses in solid circular sections in the same manner as 
the familiar diagrams for rectangular sections with steel in tension side only. In the 


M. ; M 
present case the value of —, is used instead of ;,,- 
ars by 


Examples for Round Columns 
Assuming a column with 20-in. core reinforced with ten 1-in. square rods and sus- 
taining a load of 200,000 lb. applied 2 in. off center, determine the maximum unit stress 


in the concrete, n = 15. 
10 


ee : re 2 Cam 2 = 
p= NG) hai Pp (3.1416) (0)? 0.0318 casa es 0.20 
From Diagram 60 
ahs n 
pe 


or 
_ 1.12P _ 224,000 
ar 314.16 


Find the maximum unit stresses in the concrete and steel of the column in the preceding 
problem wf the eccentricity of the load is 8 in. 


We 712 lb. per sq. in. 


10 _ 


r=10in.  p = 0.0318 ~ = -y = 1.25 
From Diagram 62 
; = 01.325 zs = 25 
p= = 12M 
ie ae = ee = 1,566 lb. per sq. in. 


fs = 25R = (25)(509) = 12,720 lb. per sq. in. 
fs’ = nf- = 23,500 lb. per sq. in. 
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RECTANGULAR SECTIONS—COMPRESSION OVER WHOLE SECTION 
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RECTANGULAR SECTIONS—COMPRESSION OVER WHOLE SECTION 
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RECTANGULAR SECTIONS—COMPRESSION OVER WHOLE SECTION 
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RECTANGULAR SECTIONS—COMPRESSION OVER WHOLE SECTION 
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DIAGRAM 49 


RECTANGULAR SECTIONS—COMPRESSION OVER WHOLE SECTION 
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DIAGRAM 50 
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RECTANGULAR SECTIONS—TENSION OVER PART OF SECTION 
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RECTANGULAR SECTIONS—TENSION OVER PART OF SECTION 
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SECTION 9 


FOOTINGS 


Diagram 65 makes it possible to find readily the bending moments which occur at 
each face of column for both square and rectangular footings. The illustrations 
above this diagram show how the diagram is used. For example, suppose the bending 
moment is required at the face of a 24-in. column supporting a load of 300,000 lb. 
and resting on a footing 9 ft. 2 in. square. From the upper part of Diagram Os, Che 
6.2 and 


M = (6.2)(300,000) = 1,860,000 in.-lb. 


Tables 49, 50 and 51, based on the recommendations contained in Bulletin 67 of 
the University of Illinois Engineering Experiment Station, give the design of square 
reinforced footings for different loads, column sizes and soil pressure. These footings 
are without offsets and for large footings it will usually be found more economical to 
use one or two offsets. — 

These tables are computed for square columns. If round columns are used, 
multiply the diameter by 0.7854 to get the size of square columns of equivalent 
perimeter and enter the table with that size. 

The recommendations in the bulletin mentioned above are as follows: 

Width of Footing to Use in Flexure Computations for Two-way Reinforcement.— 
With two-way reinforcement evenly spaced over the footing, it seems that the tensile 
stress is approximately the same in bars lying within a space somewhat greater than 
the width of the pier and that there is also considerable stress in the bars which lie 
near the edges of the footing. For intermediate bars stresses intermediate in amount 
will be developed. For footings having two-way reinforcement spaced uniformly 
over the footing, the method proposed for determining the maximum tensile stress in 
the reinforcing bars, is to use in the calculation of resisting moment at a section at the 
face of the pier the area of all the bars which lie within a width of footing equal to the 
width of pier plus twice the thickness of footing, plus half the remaining distance on 
each side to the edge of the footing. This method gives results in keeping with the 
results of tests. When the spacing through the middle of the width of the footing is 
closer, or even when the bars are concentrated in the middle portion, the same method 
may be applied without serious error. Enough reinforcement should be placed in the 
outer portion to prevent the concentration of tension cracks in the concrete and to 
provide for other distribution of stress. 

No failures of concrete have been observed in tests and none would be expected 
with the low percentages of reinforcement used. 

Bond Stresses.—The method proposed for calculating maximum bond stress in 
column footings having two-way reinforcement evenly spaced, or spaced as noted in the 
preceding paragraph, is to use the ordinary bond stress formula, and to consider the 
circumference of all the bars which were used in the calculation of tensile stress, and 
to take for the external shear that amount of upward pressure or load which was used 
in the calculation of the bending moment at the given section. 

Bond resistance is one of the most important features of strength of column 
footings, and probably much more important than is appreciated by the average 
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designer. The calculations of bond stress in footings of ordinary dimensions where 
large reinforcing bars are used show that the bond stress may be the governing element 
of strength. Tests show that in multiple-way reinforcement a special phenomenon 
affects the problem and that lower bond resistance may be found in footings than in 
beams. Longitudinal cracks form under and along the reinforcing bar due to the 
stretch in-the reinforcing bars which extend in another direction, and these cracks act 
to reduce the bond resistance. The development of these cracks along the reinforcing 
bars must be expected in service under high tensile stresses, and low working bond 
stresses should be selected. An advantage will be found in placing under the bars a 
thickness of concrete of 2 in., or better 3 in., for footings of the size ordinarily used in 
buildings. 

Difficulty may be found in providing the necessary bond resistance, and this points 
to an advantage in the use of bars of small size, even if they must be closely spaced. 
Generally speaking, bars of 34-in. size or smaller will be found to serve the purpose of 
footings of usual dimensions. The use of large bars, because of ease in placing, leads 
to the construction of footings which are insecure in bond resistance. Column footings 
reinforced with deformed bars develop high bond resistance. Curving the bar upward 
and backward at the end increases the bond resistance, but this form is awkward in 
construction. Reinforcement formed by bending long bars in a series of horizontal 
loops covering the whole footing gives a footing with high bond resistance. 

The use of short bars placed with their ends staggered increases the tendency to fail 
by bond and cannot be considered as acceptable practice in footings of ordinary pro- 
portions. In footings in which the projection is short in comparison with the depth, 
the objection is very great. 

Diagonal Tension.—As a means of measuring resistance to diagonal tension failure, 
the vertical shearing stress should be calculated by using the vertical sections formed 
upon the square (assuming square column) which lies at a distance from the face of the 
pier equal to the depth of the footing. This calculation gives values of the shearing 
stress, for footings which failed by diagonal tension, which agree fairly closely with 
the values which have been obtained in tests of simple beams. The formula used in 


this calculation is » = bd? where V is the total vertical shear at this section taken to 


be equal to the upward pressure on the area of the footing outside of the section con- 
sidered, b is the total distance around the four sides of the section, and jd is the dis- 
tance from the center of reinforcing bars to the center of the compressive stresses. 
The working stress now frequently specified for this purpose in the design of beams, 
40 lb. per sq. in., for 1 : 2 : 4 concrete, may be applied to the design of footings. 
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DESIGN OF SINGLE SQUARE FOOTINGS 


2 TONS ON SOIL 
Punching shear =120 
Bond stress =100 
Tension in steel =16,000 
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TABLE 49 


FOOTINGS 


DESIGN OF SINGLE SQUARE FOOTINGS 


2 TONS ON SOIL, 
Punching shear =120 
Bond stress = 100 
Tension in steel =16,000 


Footing Steel 
ass Anomeble Total -| Volume 
P a No. rods each way Wei of 
Ghousands Ge) Size =o eight of | concrete 
of pounds) in, Gn) Sikes (cu. ft.) 
(ft.) | Cin.) | Square Round (Ib.) 


{ 


i 0 12 175.1 34 4 10 12 115 
14 177.6 30 12 15 138 
16 179.5 27 13 17 149 
18 1sie3 1 24 14 18 161 
20 182.5 | 22 17 21 195 
22 1831) 81 17 22 195 
24 184.4 | 19 20 25 230 


7 6 12 198.3 | 38 4g 11 14 136 
14 201.1 34 13 16 160 
16 203.9 | 30 15 18 185 
18 206.0 | 27 16 21 197 
20 207.4 25 17 22 210 
22 208.8 23 19 24 234 
24 210.2 21 20 26 246 


8 0 14 226.4 37 4g 14 17 185 
16 229.6 33 16 20 211 

18 232.0 30) | 17 22 224 

ie Sern 233.6 28S 18 23 237 

22 235.2 26 | 20 25 264 

24 236.8 24 21 Pee 277 

26 238.4 22 23 29 303 


8 6 14 252.0 41 48 14 18 196 
16 255.6 37 16 21 224 
18 259.2 33 19 24 267 
20 : 261.9 30 21 26 294 
22 263.7 | 28 22 28 309 
24 265.5 26 | 24 30 337 
26 267.3 24 25 32 351 


9 0 16 283.5 40 54 11 14 256 

18 286.5 37 12 16 279 

| 20 289.5 34 14 17 325 
| 22 292.7 31 15 19 349 
24 294.4 29 16 20 372 

| 26 296.6 27 17 op 395 
28 298.7 25 19 24 442 


9 6 16 311.3 44 4 12 15 295 

18 315.8 40 13 17 319 

| 20 319.3 37 14 18 344 
i 22 322.6 34 16) 4 20 393 
| 24 326.0 31 17 22 418 
26 328.7 29 18 23 442 

6 25 491 
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TABLE 49 


FOOTINGS 


DESIGN OF SINGLE SQUARE FOOTINGS 


2 TONS ON SOIL 
Punching shear =120 
Bond stress =100 
Tension in steel = 16,000 


Footing Bree! 
size Column mllewel Total —— a VOliase: 
size DB depth | No. rods each way c of 
ct (thousands a Size = ee bes ot enol 
in.) of pounds) | Gin.) (in.) . aS Mad 
(ft.) | (in.) : Square Round | 
10 0 16 340.0 48 | 96 | ED? ib iets, 310 400 
18 346.3 43 14 | 18 362 358 
20 349.9 40 15 19 388 334 
22 353.8 37 17 21 440 308 
24 357.4 34 18 23 466 284 
26 360.0 32 19 25 492 267 
28 362.5 30 20 26 518 250 
30 365.0 28 OP 28 565 233 
10 6 16 369.3 52 54 14 17 381 | 478 
18 376.1 47 15 19 408 432 
20 381.8 43 16 21 435 395 
22 386.0 40 18 23 490 367 
24 390.0 37 19 25 517 | 340 
26 392.9 35 20 | 26 544 esol 
28 395.5 33 21 | 27 571 We eS0e: 
30 398.2 31 22 | 28 599 285 
11 0 18 406.9 51 5¢ 15 19 419 | 514 
20 414.5 46 17 | 22 486 463 
22 419.0 43 19 24 543 433 
24 423.5 40 20 Si aa 572 403 
26 428.0 Sy 22 | 28 629 7373) 
28 431.0 35 23 | 29 658 353 
| 30 434.0 33 24 | 31 686 333 
32 437.2 31 26 33 743 312 
34 438.7 30 26 | 33 743 302 
| 
| ‘ 
11 6 | 18 439.7 54 56 16 21 478 595 
20 446.3 50 | 18 23 538 551 
22 452.8 46 20 25 598 507 
24 457.8 43 21 27 628 474 
26 462.9 40 | 23 29 687 441 
28 466.3 38 | 24 31 a7 418 
30 469.4 36 25 32 747 | 397 
32 Amel 34 26 34 777 SYS 
34 476.0 32 28 35 837 353 
12 0 18 471.4 58 5¢ | 17 22 530 697 
20 480.5 53 19 24 * 593 636 
22 486.0 50 20 26 624 600 
24 493.2 46 | 22 28 686 552 
26 498.6 43 | 24 31 + 748 516 
28 502.1 41 | hie 25 32 780 «| 492 
30 507.6 38 27 MSS 841 456 
32 iis a! 36 28 36 873 432 
34 514.8 34 30 38 936 408 
36 518.4 32 81 40 967 . 884 
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TABLE 60 


FOOTINGS 


DESIGN OF SINGLE SQUARE FOOTINGS 


3 TONS ON SOIL 
Punching shear =120 
Bond stress =100 
Tension in steel = 16,000 


. Steel 
Beers Allowable 2S Vela 
Von olume 


No. h ; of 
eae D Se eS Weight of | concrete 


of pounds) in, : sq. rods (cu. ft.) 
Square Round (Ib.) 


NOANIS ONIN HORA 


ON® SONNOS 
COCOHN WANHHW WHRMOR WNYONHY Www wom 


ORDYNAMO ROHMDANNO WRHOMO ORYHDNY NWONNN PNOCONF TREN COO 


BOOMOSOO SCOSCCOOOD 
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FOOTINGS 


DESIGN OF SINGLE SQUARE FOOTINGS 


3 TONS ON SOIL 
Punching shear = 120 
Bond stress =100 
Tension in steel =16,000 


TABLE 50 


Footing All bl Steel 
size Column aA € Total Volume 
ee P gop No. rods each way Weight of anaes 
a : 
Se (in.) (thousands (in.) pe sq. rods (cu. ft.) 
of pounds) (in.) 
(ft.) | Gn.) | | Square | Round 
| l 
7 0 14 | 267.7 43 143 11 | 14 | 121 176 
16 270.2 39 12 | 15 | 138 159 
18 272.6 35 13 16 | 149 143 
20 275.0 31 15 19 / 172 126 
| 22 276.3 29 16 | 20. | 184 118 
24 277.5 27 18 | 22 | 207 110 
26 2787 25 19 } 24 218 | 102 
| 28 279.9 23 21 | 27 241 94 
7 6 14 303.7 48 4g 12 | 15 148 225 
16 307 .4 43 = 3 16 160 | 202 
18 310.0 39 14 18 173 | 183 
20 312.9 35 16 20 197 | 164 
22 315.0 32 17, 22 210 150 
24 316.3 30 18 22 222 | 141 
26 BU Fats) 28 19 24 | 234 | 131 
28 319.2 26 21 27 | 257 | 122 
8 0 16 345.6 48 1g 14 17 | 185 256 
18 349.6 43 15 19 198 | 229 
20 352.8 39 1 Of | 21 224 208 
22 355.2 36 18 | 23 237 192 
24 357 .6 33 20 25 264 176 
26 359 .2 31 21 26 277 165 
28 360.7 29 21 27 277 155 
30 362.4 27 23 29 303 144 
8 6 16 386.6 53 14 15 19 211 319 
18 390.1 48 16 21 | 224 289 
20 393.7 44 18 22 | 252 265 
| 22 397.3 40 19 24 266 241 
24 400.1 37 21 7 294 223 
26 401.9 35 22 28 309 211 
28 | 404.5 32 24 30 | 337 193 
| 30 406.3 30 25 32 | 351 181 
9 0 18 432 .2 53 5g 11 14 | 256 358 
20 437 .3 48 12 15 | 279 324 
22 441.4 44 13 1y 302 297 
24 444.4 41 14 18 325 200 
26 447.4 38 15 20 349 257 
28 449 5 36 16 21 372 243 
30 452.5 33 18 23 418 223 
32 454.6 31 20 25 465 209 
34 456.6 29 21 27 488 196 
9 6 18 476.1 58 5¢ 12 15 295 436 
20 481.6 53 13 16 319 399 
22 486.1 49 14 18 344 369 
24 490.6 45 15 19 369 339 
26 494 1 42 16 21 393 316 
28 497.5 39 iWfe 22 418 293 
30 499.8 37 | 18 23 * 442 278 
32 502.0 35 19 EE NN 263 
34 504.3 33 | | 20 | 26 492 248 
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TABLE 50 


FOOTINGS 


DESIGN OF SINGLE SQUARE FOOTINGS 


3 TONS ON SOIL 
Punching shear =120 
Bond stress =100 
Tension in steel =16,000 


Allowabl eel 
load |. foal | > | Vel 
FP sa a No. rods each way ea of 
(thousands G ase Weight of | concrete 
of pounds) in.) (in.) ay ai (cu. ft.) 
Square Round . 
10 0 18 BIS 2 ee 63 56 13 16 336 525 
20 ey eats 58 14 17 362 } 483 
22 533.7 53 15 19 388 | 442 
24 538.9 49 16 20 414 | 408 
26 | 542.5 46 17 22 440 383 
28 | 5463 | 43 18 23 465 358 
30 | 550.0 40 19 25 492 333 
32 | 552.5 38 20 25 518 317 
34 555.0 36 21 27 544 300 
36 557.5 34 22 28 569 283 
10 Crleasiss ob 566/3 69 4 14 17 331 «| ~«634 
|. 207" |} 57475 63 15 18 408 “| . 579 
22 581.5 58 16 20 435 2 | “533 
24 587.1 54 17 21 463. | 496 
26 593.2 50 18 23 490 | 456 
28 596.6 47 19 24 517 432 
30 600.8 44 20S eos 544 404 
32 604.9 41 92 ~+| 28 599 377 
34 608.8 39 23 29 626 358 
36 610.5 37 eos eso 626 340 
38 613.2 35 4 ae ee a3 653. =| «322 
11 0 20 623.2 68 5 15 20 458 686 
22 630.8 63 17 21 486 635 
24 638.3 58 18 22 515 585 
26 644.4 54 19 24 543 544 
28 648.9 51 | 20 25 582 514 
30 653.4 4302 | } 21 27 600 484 
32 657.9 45 23 29 658 454 
34 | 662.5 42 24 31 686 423 
36 665 .5 40 te Ug wea 715 403 
38 668.5 38 | 96 33 743 383 
40 671.5 36° 4 fee 27 34 772 363 
ll 6 20. | 672.9 73 34 16 21 478 804 
22 | 682.8 | 67 18 23 538 738 
24 689 .5 63 | 19 24 568 694 
26 696.0 59 | 20 25 598 650 
Dea 70256 55 21 27 628 606 
30 | 709.1 51 23 29 687 562 
32 714.1 48 24 31 Ty 529 
34 717.5 46 25 32 747 507 
36 722.3 43 26 34 777 474 
38 725.7 4] OT NeaneSs 807 452 
40 729.1 39 28 | 36 837 429 
| 42 732.3 37 29 37 866 408 
| | 
| 0 2a | esd. |e 72 5 19 24 593 864 
im 24 ant Ne te 20 25 614 804 
26 750.6 | 63 | 21 27 655 756 
28 Ws See 68 | 22 28 686 708 
30 765.0 55 24 31 748 660 
32 770.4 52 |v = 25 32 780 624 
34 775.8 49 27 34 842 588 
36 779.4 | 47 | 27 35 842 564 
| 38 784.8 | 44 29 37 904 528 
40 788.4 | 42 | 30 38 936 504 
40 | 31 39 967 480 
42 792.0 
44 | 793.8 | 39 | 31 39 967 468 
if 
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FOOTINGS 


DESIGN OF SINGLE SQUARE FOOTINGS 


4 TONS ON SOIL 
Punching shear =120 
Bond stress = 100 
Tension in steel =16,000 


Footing Allowable 


Steel 


TABLE 51 


size load 


(thousands 


No. rods each way 


of pounds) a 
Square 


| Round 


of 
Weight of | concrete 
sq. rods (cu. ft.) 
(Ib.) 


BNE NOWN NNN AR RH WOMHWDON NOYES WAMWO 


wwrryeona de 


WwoPher wWoowa 
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(ot t 
NaAMoOCOOS SOOSSOOS BPROUHNNO GNHDHNAO TORMWWRO NONWown 


TABLE 51 


FOOTINGS 


DESIGN OF SINGLE SQUARE FOOTINGS 


4 TONS ON SOIL 
Punching shear =120 
Bond stress = 100 
Tension in steel = 16,000 


Footing Steel 
size Column piogenie aoa - —- = -| Volume 
size ept - of 
a h “ D . No. rods each way Weight of | concrete 
(in.) (thousands (in.) Size = = - rods (cu. ft.) 
; : of pounds) : (in.) es - Tt, 
(ft.) (in.) Square Round : 
7 0 16 361.4 50 4 12 15 138 204 
. 18 364.4 45 13 16 149 184 
| 20 367.5 40 14 18 161 163 
22 369.3 37 15 19 es 151 
: 24 STs 34 17 21 195 139 
26 372.4 32 18 22 207 131 
| 28 374.2 29 20 25 230 118 
| 30 375.4 27 22 27 252 110 
32 376.7 25 25 30 287 102 
7 6 16 410.6 55 1 13 16 160 263 
| | 18 414.2 51 14 17 173 239 
20 417.7 46 15 19 185 215 
22 420.4 42 16 20 197 197 
24 422.5 39 16 Dil 197 183 
26 424.7 36 18 22 222 168 
28 | 426.8 | 33 20 25 246 155 
30 428 2 31 21 27 259 145 
32 429 6 29 23 29 284 136 
34 | 43770 27 25 31 308 126 
8 0 18 466.4 57 “% 15 19 198 304 
20 Bi | 5] 16 21 211 272 
22 474.3 | 47 17 22 224 251 
24 477.6 | 43 18 23 237 229 
26 480.0 | 40 19 24 250 213 
28 482.4 | 37 20 25 264 197 
30 484.0 35 21 26 Q77 187 
32 485.6 | 33 22 28 290 176 
34 487.2 31 24 30 316 165 
36 488.8 29 26 32 343 155 
8 6 18 521.0 63 i 16 20 224 380 
20 526.5 57 il” 22 238 343 
22 531.0 | 52 19 24 266 313 
24 534.6 | 48 20 25 281 289 
26 537.3 | 45 21 26 294 271 
28 540.0 42 21 27 294 253 
30 eve | 39 22 28 309 235 
32 545.4 36 24 31 337 217 
34 557.2 34 25 31 351 205 
36 549.0 32 26 33 365 193 
584.2 63 54 12 15 279 425 
‘ . ao 589.4 58 oe 13 16 302 391 
24 593.3 54 13 17 302 364 
| 26 598.3 49 15 19 349 331 
28 601.4 46 16 20 372 310 
50 604 .4 43 17 21 395 290 
32 607.5 40 18 23 418 270 
34 609 .6 38 19 24 442 256 
36 611.5 36 20 26 465 243 
38 613.6 34 22 28 511 229 
69 54 13 16 319 519 
: x 39 G10'8 64 fe 14 18 344 481 
24 655.5 59 14 18 344 re 
26 660.0 55 15 19 369 41 
28 664.5 51 16 20 393 383 
30 667.8 | 48 4 Cea 21 393 361 
SOOT 3 45 17 22 418 338 
34 674.6 42 19 24 467 316 
36 676.8 40 20 26 | 491 301 
38 679.1 38 21 27 | 516 86 
40 WeGst3 36 23 29 | 565 2 
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TABLE 561 


FOOTINGS 


DESIGN OF SINGLE SQUARE FOOTINGS 


4 TONS ON SOIL 
Punching shear =120 
Bond stress = 100 
Tension in steel =16,000 


Footing Steel 


size Column 

size No. rods each way é of 
: Gin ) (thousands ; Weight of vee 
LB of pounds) : cu. ft.) 
(ft.) Square 


Allowable 
load 
ie 


10 


a) 
.8 
.0 
.0 
.0 
8 
5 
0 
art 
.2 
8 
3 
5 
.5 
9 
3 
ath 
6 
9 
.0 
Aef 
4 
3 
.0 
.6 
.2 
.2 
2 
Af) 
4 
8 
8 
A) 
3.0 
.0 
4 
.0 
8 
4 
0 
9 
8 
8 
es 
20 
“0 
.2 
7 
at 
3 
.2 
6 
8 
3 
5 
.0 
4 
0 
6 
.2 
8 


236 


SECTION 10 


MISCELLANEOUS 


Estimates.—Estimates of the cost of the concrete work for buildings and similar 
structures can be easily made by applying current unit costs to the quantities ob- 
tained from the tables and diagrams. 

Diagram 66 gives the quantities of concrete, steel and forms for typical square 
panels of a three beam and girder floor system. Although the quantities of steel or 
concrete may be somewhat affected by changing the proportions of beams or girders, 
the total cost will vary only slightly. Quantities for flat slab floors may be found in 
Section 2. 

By means of Diagrams 42 and 43 of Section 7, which give weights of floor panels, 
the column and footing loads can be quickly estimated and the quantities taken from 
the column and footing tables. 

Loads.—Tables 52, 53 and 54, give the building code requirements for live load, 
weights of contents of storage warehouses, and weights of building materials 
respectively. : 
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MISCELLANEOUS 


DIAGRAM 66 


APPROXIMATE QUANTITIES OF CONCRETE, STEEL AND FORMS FOR 
TYPICAL SQUARE INTERIOR PANELS OF THREE BEAM AND GIRDER 
FLOOR SYSTEM DESIGNED IN ACCORDANCE WITH JOINT 


f,=650 
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TABLE 52 


BUILDING CODE REQUIREMENTS FOR LIVE LOAD 


Structure 


Baltimore 


Cincinnati 


Indianapolis 


Milwaukee 


Minneapolis 


New Orleans 


Philadelphia 


MISCELLANEOUS 


Pittsburgh 


San Francisco 


Washington 


Apartments 
Public rooms and halls.... 
Assembly halls 
Fxd. seat auditoriums 
Mov. seat auditoriums.... 
Churches 


Theater stairways 
Dwellings 


Corridors 

ORG E POOMS: ..6 62 o-eciee as 
Manufacturing 

Light manufacturing 
Mercantile. 

BRECATL SLOLES ci cia jects vee 

Heavy storehouses 

Warehouses 


OPTIC OFS tata re es apetaisle oars 
Public buildings 
Schools—class rooms 

Assembly rooms 

Corridors 

Stairways 
Sidewalks 
Stables, 

garages 
Stairways, general.......... 

Fire escapes 
Roofs—slope under 20° 

Over 20° (hor. proj.)...... 
Wind pressures : 


carriage houses, 
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for) 
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TABLE 53 


MISCELLANEOUS 


CONTENTS OF STORAGE WAREHOUSES 


Pounds | Recommended 
per live loads, 
square foot| pounds per 
of floor square foot 


Material 


Produce, Grain, Fruit, Etc. 


Grain, in bulk 
Barley and Corns; a..006 oe adios «cca 


Rye and wheat.. 
Fruit and vegetables, i in bulk 
Apples, pears, ete 
Potatoes, turnips, etc. 
Miscellaneous produce, packed 
Beans, in bags 
Corn, in bags 
Cornmeal, in barrels 


240 to 300 


| 
250 to 300 


200 to 250 


Hay, in bales, not compressed 
. Hay, in bales, compressed......,...-. 
Straw, in bales, compressed...,.......- 


WOONICM OHO MOC COCO C000 


Groceries 


Miscellaneous articles, packed 
Butter, lard, ete., in 
Canned goods, preserves, etc., in cases. . 
Cheese 
Coffee, green, in bags 
Coffee, roasted, in bags 
Dates and figs, in cases, average. 
Meat, beef, pork, etc., in barrels. . 
Molasses, i in barrels 
Salt, finely ground, in sacks 
Soap powder, in cases 
Starch barrels ect ce ete en 
Sugar, in barrels 
Tea, in chests.. : Eieteaie te 
Wines, liquors, ete. Ke ‘in barrels. 


Dry Goods, Cotton, Wool, Etc. 


Cotton, in bales, compressed, average... . 
Cotton, unbleached goods, in bales 
Cotton, tickings and duck, in bales 
Cotton, printed goods, in bales 

Cotton, printed goods, in cases. cae aes 
Cotton, quilts and flannels, in cases. 
Cotton, yarn, in cases. As 

Hemp, in bales, com ressed. 

Hemp, manila, in bales, compressed 
Hemp, sisal, in bales, compressed 
Hemp, tow, in bales, compressed 
Hemp, burlaps, in bales, compressed... . . 
Jute, in bales, compressed 

Linen, bleached goods, in cases 

Linen, damask goods, in cases 

Wool, in bales, not compressed 

Wool, in bales, compressed 

Wool, dress goods, flannels, in cases. 
Wool, worsted goods, in cases 

Rags, in bales, compressed 

Excelsior, in bales, compressed 


‘ 


01 00 G1 SI 00. U1 OF G1 Ot 00 00 CO MD 
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TABLE 63 


MISCELLANEOUS 


CONTENTS OF STORAGE WAREHOUSES 


Material 


Pounds 
per 
cubic foot 
of space 


square foot 
of floor 


Recommended 
live loads, 
pounds per 
square foot 


Drugs, Oils, Paints, Etc. 
Chemicals: 


oda, caustic soda, in iron drums. . 

Soda, soda ash, in hogsheads 

Soda crystals, sal soda, in barrels. . 

Soda nitrate, niter, in barrels 

Soda silicate, in barrels 

Zine sulphate, white vitriol, in barrels. . 
Oils, fats, resins, etc.: 

Glycerine, in cases 

Oils, animal, lard, etc., in barrels 

Oils, vegetable, linseed, in barrels 


Oils, mineral, lubricants, in barrels... . 


Oils, petroleum, kerosene, in barrels... . 
Oils, naphtha, gasolene, in barrels 
Rosin, in barrels 
Shellac gum, in boxes 
Tallow, in barrels 
Dye stuffs, paints, etc.: 
Indigo, in boxes.......... 
Logwood extract, in boxes. . 
Sumac, in boxes 
Red lead, litharge, dry, in barrels 
White lead, dry, in barrels 
White lead, paste, in cans............ 


Building Materials 
Cement, natural, in barrels 
Cement, Portland, in barrels... see 
Lime, quick lime, ‘ground, in barrels... .. 
Plaster of Paris, ground, in barrels 


Sheet Metal and Wire 


Sheet tin, in boxes 

Wire, insulated copper, in gales 
Wire, galvanized iron, in coils. . 

Wire, magnet wire, on spools 


Miscellaneous 


Chinaware, glassware, in crates 
Chinaware, glassware, in casks. . 

Glass, in boxes 

Hardware, door and sash Capaives in cases. 
Hardware, hinges, in cases. , 
Hardware, locks, in cases. 

Hardware, screws, in boxes. . 

Hides, raw, not compressed, in bales. . 
Hides, raw, compressed, in bales 
Leather, PREMIO ELOS sicisteete ty rust sete anaes oso 
Paper, calendered paper.. 

Paper, newspaper, manila, strawboards. . 
Paper, writing paper 

Rope in coils 
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Ree 
ADMOASSCOPAAAAHO 


Crororor 


WRPWORRD ARBMDRHAMBDAAOQG 


NOI 


moet 
RES 


200 to 250 


300 to 400 


300 to 400 


300 to 400 


MISCELLANEOUS 


WEIGHTS OF BUILDING MATERIALS 


Kind 


TABLE 654 


Weight in lb. 
per sq. ft. 


FLoors 

74-in. maple finish floor and 74-in. spruce under floor on 2 X 4-in. sleepers, 16-in. centers, with 

2-in. dry cinder concrete filling 

Cinder concrete filling per inch of thickness 

Cement finish per inch of thickness 

Asphalt mastic flooring 14 in. thick 

3-in. creosoted wood blocks on 4-in. mortar base 

Solidkfat tile omeloine mmOrtan Demian sie wieveleccaeys is levels one tter ec er ont tle ate seta) reese ee eee 
CEILINGS 

Plaster on tile or concrete 

Suspended metal lath and plaster 


Five-ply felt and gravel 

Four-ply felt and gravel 

Three-ply ready roofing 

Cement tile 

Slate, 44 in. thick 

Sheathing, 1 in. thick, yellow pine 

Aha al aCCTL Cah al (oe ee aa RES ene er eh Mera ACE Ce ENE Sr Rs race ery cub yecheves <gcuc\> 
3-in. book tile 

Skylight with galvanized iron frame, 3g-in. glass 


Weight in Ib. per sq. ft. 


Kind 
ee One side 


= 
Unplastered nigatercd 


Both sides 
plastered 


RDPICK OWA Ul So erwin cs auseesans gaethope fs elatins Va ear ee tena caer ae eects 

PS=1In HELO Way a ccs ectisecli om ORL SIoi a oe nN icc oral a 121 126 
TU SainesTLCke Wallin stein! stosche. oetta a ete eae ens Or eee en ee es 168 173 
DON UNCLES Wells ro cyapiey econ at gaat ho ost omen areas dee Eaten as renner te ae 205 210 
DG6-ine bra lkeova lls eas, oy tae seoutisnacy meee aeons ade moa oh ee cere rece 243 248 

ARM DLiCkoer 4-ine tiled Ae kan Or ews 51 ene ae ener en ee 60 65 
serine loieioliqereminaly WIN l ePV Ren G © mioninen Conon aod one cco Mn te 75 

OST DME o4-itha tile DACkKIMe. de wen sect male arn ee oe ee 102 


PVD SUTIN LOC cette ne eae career tan ieee ey rete a f 


TWNpefeny OfsHUR Atel 6) LoVe) Guetenre Moregems rate nla qecLont ee semce uaane U San 5S Awe. | 12 ae 
Drab neeraideyweiele] XO co wnhn pen aerac mG Genie Ho eons cee aa Sioa c | 14 19 
Ganseypsura blocks, eyaanypeccactea eon ie eae rae | 16 21 
aiNeSOudl Mlasteren skein see aetepee nt aner east Rete er ate ee eee | Sys ates 
FD SOLA DlaSstensoucysay era case aie oe ere te cra roe ese eC | 
ATin eh Ollow WlaSters 4. 6 asi cee arc.ct Mearns ee dais irae Oe Cer Rae | 


Weight in lb. 


Kind per cu. ft. 


Weight in Ib. 
per cu. ft. 


IBrickwiorken sonrn cari: Ske mn rs 
Concrete, cinder, structural 
Concrete, cinder, floor filling 
Concrete, stone 

Concrete, stone, reinforced.......... 
Douglas fir 

Granite pee mee ee amas y mee eee 
Granolithicusuriace: went. she enrisre 


APPENDIX 


RULINGS PERTAINING TO DESIGN AND WORKING STRESSES 


Joint Committee Recommendations * 


Design 


Massive Concrete.—In the design of massive or plain concrete, no account should 
be taken of the tensile strength of the material, and sections should usually be proportioned 
so as to avoid tensile stresses except in slight amounts to resist indirect stresses. This will 
generally be accomplished in the case of rectangular shapes if the line of pressure is kept 
within the middle third of the section, but in very large structures, such as high masonry 
dams, a more exact analysis may be required. Structures of massive concrete are able to 
resist unbalanced lateral forces by reason of their weight; hence the element of weight 
rather than strength otten determines the design. A leaner and relatively cheap concrete, 
therefore, will often be suitable for massive concrete structures. 

It is desirable generally to provide joints at intervals to localize the effect of contraction. 

Massive concrete is suitable for dams, retaining walls, and piers in which the ratio 
of length to least width is relatively small. Under ordinary conditions this ratio should 
not exceed four. It is also suitable for arches of moderate span. 

Reinforced Concrete.—The use of metal reinforcement is particularly advantageous 
in members such as beams in which both tension and compression exist, and in columns 
where the principal stresses are compressive and where there also may be cross-bending. 
Therefore, the theory of design here presented relates mainly to the analysis of beams and 
columns.¢ 

General Assumptions. (a) Loads.—The forces to be resisted are those due to: 

1. The dead load, which includes the weight of the structure and fixed loads and forces. 

2. The live load, or the loads and forces which are variable. The dynamic effect of 
the live load will often require consideration. Allowance for the lattter is preferably 
made by a proportionate increase in either the live load or the live load stresses. The 
working stresses hereinafter recommended are intended to apply to the equivalent static 
stresses thus determined. 

In the case of high buildings the live load on columns may be reduced in accordance with 
the usual practice. ; 

(b) Lengths of Beams and Columns.—The span length for beams and slabs simply 
supported should be taken as the distance from center to center of supports, but need 
not be taken to exceed the clear span plus the depth of beam or slab. For continuous 
or restrained beams built monolithically into supports the span length may be taken 
as the clear distance between faces of supports. Brackets should not be considered as 
reducing the clear span in the sense here intended, except that when brackets which make 
an angie of 45 degrees or more with the axis of a restrained beam are built monolithically 
with the beam, the span may be measured from the section where the combined depth 
of beam and bracket is at least one-third more than the depth of the beam. Maximum 
negative moments are to be considered as existing at the end of the span as here defined. 

When the depth of a restrained beam is greater at its ends than at midspan and the 
slope of the bottom of the beam at its ends makes an angle of not more than 15 degress 
with the direction of the axis of the beam at midspan, the span length may be measured 
from face to face of supports. 

The length of columns should be taken as the maximum unstayed length. ; 

(c) Stresses.—The following assumptions are recommended as a basis for calculations: 

1.—Calculations will be made with reference to working stresses and safe loads rather 
than with reference to ultimate strength and ultimate loads. 

2.—A plane section before bending remains plane after bending. 


* From Final Report of the Special Committee on Concrete and Reinforced Concrete of the Ameri- 
can Society of Civil aghiees, presented before the Society, Jan. 17, 1917. 
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3.—The modulus of elasticity of concrete in compression is constant within the usual 
limits of working stresses. The distribution of compressive stress in beams is, therefore, 
rectilinear. 

4.—In calculating the moment of resistance of beams the tensile stresses in the concrete 
are neglected. . 

5.—The adhesion between the concrete and the reinforcement is perfect. Under 
compressive stress the two materials are, therefore, stressed in proportion to their moduli of 
elasticity. 

6.—The ratio of the modulus of elasticity of steel to the modulus of elasticity of concrete 
is taken at 15, except as modified in section on ‘‘ Working Stresses.” 

7.—Initial stress in the reinforcement due to contraction or expansion of the concrete 
is neglected. 

It is recognized that some of the assumptions given herein are not entirely borne out 
by experimental data. They are given in the interest of simplicity and uniformity, and 
variations from exact conditions are taken into account in the selection of formulas and 
working stresses. 

The deflection of a beam depends upon the strength and stiffness developed throughout 
its length. For calculating deflection a value of 8 for the ratio of the moduli will give 
results corresponding approximately with the actual conditions. 

T-Beams.—In beam and slab construction an effective bond should be provided at 
the junction of the beam and slab. When the principal slab reinforcement is parailel 
to the beam, transverse reinforcement should be used extending over the beam and well 
into the slab. 

The slab may be considered an integral part of the beam, when adequate bond and 
shearing resistance between slab and web of beam is provided, but its effective width 
shall be determined by the following rules: 

(a)—It shall not exceed one-fourth of the span length of the beam. 

(b)—Its overhanging width on either side of the web shall not exceed six times the 
thickness of the slab. 

In the design of continuous T-beams, due consideration should be given to the com- 
pressive stress at the support. ' 

Beams in which the T-form is used only for the purpose of providing additional com- 
pression area of concrete should preferably have a width of flange not more than three 
times the width of the stem and a thickness of flange not less than one-third of the depth 
of the beam. Both in this form and in the beam and slab form the web stresses and the 
limitations in placing and spacing the longitudinal reinforcement will probably be control- 
ling factors in design. 

Floor Slabs Supported Along Four Sides.—Floor slabs having the supports extending 
along the four sides should be designed and reinforced as continuous over the supports. 
If the length of the slab exceeds 1.5 times its width the entire load should be carried by 
transverse reinforcement. 

For uniformly distributed loads on square slabs, one-half the live and dead load may 
be used in the calculations of moment to be resisted in each direction. For oblong slabs, 
the length of which is not greater than one and one-half times their width, the moment to 
be resisted by the transverse reinforcement may be found by using a proportion of the live 
and dead load equal to that given by the formula r = : — 0.5, where 1 = length and 6 = 
breadth of slab. The longitudinal reinforcement should then be proportioned to carry 
the remainder of the load. 

In placing reinforcement in such slabs account may well be taken of the fact that 
the bending moment is greater near the center of the slab than near the edges. For this 
purpose two-thirds of the previously calculated moments may be assumed as carried by the 
center half of the slab and one-third by the outside quarters. 

Loads carried to beams by slabs which are reinforced in two directions will not be 
uniformly distributed to the supporting beams and the distribution will depend on the 
relative stiffness of the slab and the supporting beams. The distribution which may be 
expected ordinarily is a variation of the load in the beam in accordance with the ordinates 
of a parabola, having its vertex at the middle of the span. For any given design, the prob- 
able distribution shlould be ascertained and the moments in the beam calculated accordingly. 

Continuous Beams and Slabs.— When the beam or slab is continuous over its supports, 
reinforcement should be fully provided at points of negative moment; and the stresses in 
concrete recommended in the section on ‘‘ Working Stresses’ should not be exceeded. In 
computing the positive and negative moments in beams and slabs continuous over several 
supports, due to uniformly distributed loads, the following rules are reeommended: 

(a) For floor slabs the bending moments at center and at support should be taken 


wl? : 
at iz for both dead and live loads, where w represents the load per linear unit and J the 
span length. 
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(6b) For beams the bending moment at center and at support for interior spans should 


wl < 12 
be taken at 12” and for end spans it should be taken at ~~ for center and-interior support, 


10 
for both dead and live loads. 

(c) In the case of beams and slabs continuous for two spans only, with their ends re- 
strained, the ORT Uk both at the central support and near the middle of the span 
should be taken at a 

(d) At the ends of continuous beams the amount of negative moment which will be 


developed in the beam will depend on the condition of restraint or fixedness, and this 
2 


will depend on the form of construction used. In the ordinary cases a moment of may 
be taken ee small beams running into heavy columns this should be increased, but not to 
w 
exceed —- 
12 


For spans of unusual length, or for spans of materially unequal length, more exact 
calculations should be made. Special consideration is also required in the case of con- 
centrated loads. $ 

Even if the center of the span is designed for a greater bending moment than is called 
for by (a) or (6), the negative moment at the support should not be taken as less than the 
values there given. 

Where beams are reinforced on the compression side, the steel may be assumed to 
carry its proportion of stress in accordance with the ratio of moduli of elasticity, as given 
in the section on “Working Stresses.” Reinforcing bars for compression in beams should 
be straight and should be two diameters in the clear from the surface of the concrete. 
For the positive bending moment, such reinforcement should not exceed one per cent of 
the area of the concrete. In the case of cantilever and continuous beams, tensile and 
compressive reinforcement over supports should extend sufficiently beyond the support 
and beyond the point of inflection to develop the requisite bond strength. 

In construction made continuous over supports it is important that ample foundations 
should be provided; for unequal settlements are liable to produce unsightly, if not danger- 
ous cracks. This effect is more likely to occur in low structures. 

Girders, such as wall girders, which have beams framed into one side only, should 
= designed to resist torsional moment arising from the negative moment at the end of the 

eam. 

Bond Strength and Spacing of Reinforcement.—Adequate bond strength should 
be provided. The formula hereinafter given for bond stresses in beams is for straight 
longitudinal bars. In beams in which a portion of the reinforcement is bent up near the 
end, the bond stress at places, in both the straight bars and the bent bars, will be consider- 
ably greater than for all the bars straight, and the stress at some point may be several times 
as much as that found by considering the stress to be uniformly distributed along the bar. 
In restrained and cantilever beams full tensile stress exists in the reinforcing bars at the 
point of support and the bars should be anchored in the support sufficiently to develop 
this stress. 

In case of anchorage of bars, an additional length of bar should be provided beyond 
that found on the assumption of uniform bond stress, for the reason that before the bond 
resistance at the end of the bar can be developed the bar may have begun to slip at another 
point and ‘‘running”’ resistance is less than the resistance before slip begins. 

Where high bond resistance is required, the deformed bar is a suitable means of supply- 
ing the necessary strength. But it should be recognized that even with a deformed bar 
initial slip occurs at early loads, and that the ultimate loads obtained in the usual tests 
for bond resistance may be misleading. Adequate bond strength throughout the length 
of a bar is preferable to end anchorage, but, as an additional safeguard, such anchorage may 
properly be used in special cases. Anchorage furnished by short bends at a right angle is 
less effective than by hooks consisting of turns through 180 degrees. 

The lateral spacing of parallel bars should be not less than three diameters from center 
to center, nor should the distance from the side of the beam to the center of the nearest 
bar be less than two diameters. The clear spacing between two layers of bars should be not 
less than oneinch. The use of more than two layers is not recommended, unless the layers 
are tied together by adequate metal connections, particularly at and near points where 
bars are bent up or bent down. Where more than one layer is used, at least all bars above 
the lower layer should be bent up and anchored beyond the edge of the support. 

Diagonal Tension and Shear.—When a reinforced concrete beam is subjected to flexural 
action, diagonal tensile stresses are set up. A beam without web reinforcement will fail 
if these stresses exceed the tensile strength of the concrete. When web reinforcement, 
made up of stirrups or of diagonal bars secured to the longitudinal reinforcement, or of 
longitudinal reinforcing bars bent up at several points, is used, new conditions prevail, but 
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even in this case at the beginning of loading the diagonal tension developed is taken princi- 
pally by the concrete, the deformations which are developed in the concrete permitting 
but little stress to be taken by the web reinforcement. When the resistance of the concrete 
to the diagonal tension is overcome at any point in the depth of the beam, greater stress is 
at once set up in the web reinforcement. 

For homogeneous beams the analytical treatment of diagonal tension is not very 
complex, the diagonal tensile stress is a function of the horizontal and vertical shear- 
ing stresses and of the horizontal tensile stress at the point considered, an as the intensity 
of these three stresses varies from the neutral axis to the remotest fibre, the intensity 
of the diagonal tension will be different at different points in the section, and will change 
with different proportionate dimensions of length to depth of beam. For the composite 
structure of reinforced concrete beams, an analysis of the web stresses, and particularly 
of the diagonal tensile stresses, is very complex; and when the variations due to a change 
from no horizontal tensile stress in the concrete at remotest fibre to the presence of hori- 
zontal tensile stress at some point below the neutral axis are considered, the problem 
becomes more complex and indefinite. Under these circumstances, in designing recourse 
is had to the use of the calculated vertical shearing stress as a means of comparing or 
measuring the diagonal tensile stresses developed, it being understood that the vertical 
shearing stress is not the numerical equivalent of the diagonal tensile stress, and that there 
is not even a constant ratio between them. It is here reeommended that the maximum 
vertical shearing stress in a section be used as the means of comparison of the resistance to 
diagonal tensile stress developed in the concrete in beams not having web reinforcement. 

Even after the concrete has reached its limit of resistance to diagonal tension, if the 
beam has web reinforcement, conditions of beam action will continue to prevail, at least 
through the compression area, and the web reinforcement will be called on to resist only a 
part of the web stresses. From experiments with beams it is concluded that it is safe 
practice to use only two-thirds of the external vertical shear in making calculations of the 
stresses that come on stirrups, diagonal web pieces, and bent-up bars, and it is here 
recommended for calculations in designing that two-thirds of the external vertical shear 
be taken as producing stresses in web reinforcement. 

It is well established that vertical members attached to or looped about horizontal 
members, inclined members secured to horizontal members in such a way as to insure 
against slip, and the bending of a part of the longitudinal reinforcement at an angle, 
will increase the strength of a beam against failure by diagonal tension, and that a well- 
designed and well-distributed web reinforcement may under the best conditions increase 
the total vertical shear carried to a value as much as three times that obtained when the 
bars are all horizontal and no web reinforcement is used. 

When web reinforcement comes into action as the prine-pal tension web resistance, 
the bond stresses between the longitudinal bars and the concrete are not distributed 
as uniformly along the bars as they otherwise would be, but tend to be concentrated 
at and near stirrups, and at and near the points where bars are bent up. When stirrups 
are not rigidly attached to the longitudinal bars, and the proportioning of bars and stirrups 
spacing is such that local slip of bars occurs at stirrups, the effectiveness of the stirrups 
is impaired, though the presence of stirrups still gives an element of toughness against 
diagonal tension failure. 

Sufficient bond resistance between the concrete and the stirrups or diagonals must 
be provided in the compressing area of the beam.’ 

The longitudinal spacing of vertical stirrups should not exceed one-half the depth of 
beam, and that of inclined members should not exceed three-fourths of the depth of beam. 

Bending of longitudinal reinforcing bars at an angle across the web of the beam may 
be considered as adding to diagonal tension resistance for a horizontal distance from the 
point of bending equal to three-fourths of the depth of beam. Where the bending is made 
at two or more points, the distance between points of bending should not exceed three- 
fourths of the depth of the beam. In the case of a restrained beam the effect of bending up 
a bar at the bottom of the beam in resisting diagonal tension may not be taken as extending 
beyond a section at the point of inflection, and the effect of bending down a bar in the 
region of negative moment may be taken as extending from the point of bending down of 
bar nearest the support to a section not more than three-fourths of the depth of beam beyond 
the point of bending down of bar farthest from the support but not beyond the point of 
inflection. In case.stirrups are used in the beam away from the region in which the bent 
bars are considered effective, a stirrup should be placed not farther than a distance equal 
to one-fourth the depth of beam from the limiting sections defined above. In case the 
web resistance required through the region of bent bars is greater than that furnished by 
the bent bars, sufficient additional web reinforcement in the form of stirrups or attached 
diagonals should be provided. The higher resistance to diagonal tension stresses given by 
unit frames having the stirrups and bent-up bars securely connected together both longi- 
tudinally and laterally is worthy of recognition. It is necessary that a limit be placed 
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on the amount of shear which may be allowed in a beam; for when web reinforcement 
sufficiently efficient to give very high web resistance is used, at the higher stresses the 
concrete in the beam becomes checked and cracked in such a way as to endanger its dura- 
bility as well as its strength. 

; The section to be taken as the critical section in the calculation of shearing stresses 
will generally be the one having the maximum vertical shear, though experiments show 
that the section at which diagonal tension failures occur is not just at a support even though 
the shear at the latter point be much greater. 

In the case of restrained beams, the first stirrup or the point of bending down of bar 
should be placed not farther than one-half of the depth of beam away from the face of the 
support. 

It is important that adequate bond strength or anchorage be provided to develop 
fully the assumed strength of all web reinforcement. 

Low bond stresses in the longitudinal bars are helpful in giving resistance against 

diagonal tension failures and anchorage of longitudinal bars at the ends of the beams 
or in the supports is advantageous. 
; It should be noted that it is on the tension side of a beam that diagonal tension develops 
in a critical way, and that proper connection should always be made between stirrups or 
other web reinforcement and the longitudinal tension reinforcement, whether the latter is 
on the lower side of the beam or on its upper side. Where negative moment exists, as is 
the case near the supports in a continuous beam, web reinforcement to be effective must be 
looped over or wrapped around or be connected with the longitudinal tension reinforcing 
bars at the top of the beam in the same way as is necessary at the bottom of the beam at 
sections where the bending moment is positive. 

Inasmuch as the smaller the longitudinal deformations in the horizontal reinforce- 
ment are, the less the tendency for the formation of diagonal cracks, a beam will be strength- 
ened against diagonal tension failure by so arranging and proportioning the horizontal 
reinforcement that the unit stresses at points of large shear shall be relatively low. 

It does not seem feasible to make a complete analysis of the action of web reinforce- 
ment, and more or less empirical methods of calculation are therefore employed. Limiting 
values of working stresses for different types of web reinforcement are given in the section 
on “ Working Stresses.” The conditions apply to cases commonly met in design. It is 
assumed that adequate bond resistance or anchorage of all web reinforcement will be 
provided. 

When a flat slab rests on a column, or a column bears on a footing, the vertical shearing 
stresses in the slab or footing immediately adjacent to the column are termed punching 
shearing stresses. The element of diagonal tension, being a function of the bending 
moment as well as of shear, may be small in such cases, or may be otherwise provided for. 
For this reason the permissible limit of stress for punching shear may be higher than the 
allowable limit when the shearing stress is used as a means of comparing diagonal tensile 
stress. The working values recommended are given in the section on ‘‘ Working Stresses.” 

Columns.—By columns are meant compression members of which the ratio of unsup- 
ported length to least width exceeds about four, and which are provided with reinforcement 
of one of the forms hereafter described. 

It is recommended that the ratio of unsupported length of column to its least width be 
limited to fifteen. 

The effective area of hooped columns or columns reinforced with structural shapes 
shall be taken as the area within the circle enclosing the spiral or the polygon enclosing the 
structural shapes. ’ 

Columns may be reinforced by longitudinal bars; by bands, hoops, or spirals, together 
with longitudinal bars; or by structural forms which are sufficiently rigid to have value in 
themselves as columns. The general effect of closely spaced hooping is to greatly increase 
the toughness of the column and to add to its ultimate strength, but hooping has little 
effect on its behavior within the limit of elasticity. It thus renders the concrete a safer and 
more reliable material, and should permit the use of a somewhat higher working stress. 
The beneficial effects of toughening are adequately provided by a moderate amount of 
hooping, a larger amount serving mainly to increase the ultimate strength and the deforma- 
tion possible before ultimate failure. f 

Composite columns of structural steel and concrete in which the steel forms a column 
by itself should be designed with caution. To classify this type as a concrete column 
reinforced with structural steel is hardly permissible, as the steel, generally, will take 
the greater part of the load. When this type of column is used, the concrete iene 
be adequately tied together by tie plates or lattice bars, which, together with other detai # 
such as splices, etc., should be designed in conformity with standard practice for structura 
steel. The concrete may exert a beneficial effect in restraining the steel from lateral 
deflection und also in increasing the carrying capacity of the column. The proportion of 
load to be carried by the concrete will depend on the form of the column and the method of 
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construction. Generally, for high percentages of steel, the concrete will develop relatively 
low unit stresses, and caution should be used in placing dependence on the concrete. 

The following recommendations are made for the relative working stresses in the 
concrete for the several types of columns: 

(a) Columns with longitudinal reinforcement to the extent of not less than 1 per cent 
and not more than 4 per cent, and with lateral ties of not less than 4 inch in diameter 
12 inches apart, nor more than 16 diameters of the longitudinal bar: the unit stress rec- 
ommended for axial compression, on concrete piers having a length not more than four 
diameters, in section on ‘‘ Working Stresses.” 

(6) Columns reinforced with not less than 1 per cent and not more than 4 per cent 
of longitudinal bars and with circular hoops or spirals not less than 1 per cent of the volume 
of the concrete and as hereinafter specified: a unit stress 55 per cent higher than given for 
(a), provided the ratio of unsupported length of column to diameter of the hooped core is 
not more than 10. 

The foregoing recommendations are based on the following conditions: 

It is recommended that the minimum size of columns to which the working stresses 
may be applied be 12 inches out to out. 

In all cases longitudinal reinforcement is assumed to carry its proportion of stress in 
accordance with (c) Stresses, page 243. The hoops or bands are not to be counted on 
directly as adding to the strength of the column. 

Longitudinal reinforcement bars should be maintained straight, and should have suffi- 
cient lateral support to be securely held in place until the concrete has set. 

Where hooping is used, the total amount of such reinforcement shall be not less than 
1 per cent of the volume of the column, enclosed. The clear spacing of such hooping 
shall not be greater than one-sixth the diameter of the enclosed column and preferably 
not greater than one-tenth, and in no case more than 244 in. Hooping is to be circular 
and the ends of bands must be united in such a way as to develop their full strength. 
Adequate means must be provided to hold bands or hoeps in place so as to form a column, 
the core of which shall be straight and well centered. The strength of hooped columns 
depends very much upon the ratio of length to diameter of hooped core, and the strength 
due to hooping decreases rapidly as this ratio increases beyond five. The working stresses 
recommended are for hooped columns with a length of not more than ten diameters of the 
hooped core. 

The Committee has no recommendation to make for a formula for working stresses 
for columns longer than ten diameters. 

Bending stresses due to eccentric loads, such as unequal spans of beams, and to lateral 
forces, must be provided for by increasing the section until the maximum stress does 
not exceed the values above specified. Where tension is possible in the longitudinal 
bars of the columns, adequate connection between the ends of the bars must be provided 
to take this tension. 

Reinforcing for Shrinkage and Temperature Stresses.—When areas of concrete too 
. large to expand and contract freely as a whole are exposed to atmospheric conditions, 
the changes of form due to shrinkage and to action of temperature are such that cr cks may 
occur in the mass unless precautions are taken to distribute the stresses so as to prevent the 
cracks altogether or to render them very small. The distance apart of the cracks, and 
consequently their size, will be directly proportional to the diameter of the reinforcement 
and to the tensile strength of the concrete, and inversely proportional to the percentage of 
reinforcement and also to its bond resistance per unit of surface area. To be most effective, 
therefore, reinforcement (in amount generally not less than one-third of 1 per cent ot the 
gross area) of a form which will develop a high bond resistance should be placed near the 
exposed surface and he well distributed. Where openings occur the area of cross-section of 
the reinforcement should not be reduced. The allowable size and spacing of cracks depends 
on various considerations, such as the necessity for water-tightness, the importance of 
appearance of the surface, and the atmospheric changes. 

The tendency of concrete to shrink makes it necessary, except where expansion is 
provided for, to thoroughly connect the component parts of the frame of articulated 
structures, such as floor and wall members in buildings, by the use of suitable reinforcing 
material. The amount of reinforcement for such connection should bear some relation to 
the size of the members connected, larger and heavier members requiring stronger connec- 
tions. The reinforcing bars should be extended beyond the critical section far enough, or 
should be sufficiently anchored to develop their full tensile strength. : 

Flat Slab.—The continuous flat slab reinforced in two or more directions and built 
monolithically with the supporting columns (without beams or girders) is a type of construc- 
tion which is now extensively used and which has recognized advantages for certain 
types of structures as, for example, warehouses in which large, open floor space is desired 
In its construction, there is excellent opportunity for inspecting the position of the as 
inforcement. The conditions attending deposition and placing of concrete are favorable to 
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securing uniformity and soundness in the concrete. The recommendations in the following 
paragraphs relate to flat slabs extending over several rows of panels in each direction. 
Necessarily the treatment is more or less empirical. 

The co-efficients and moments given relate to uniformly distributed loads. 

(a) Column Capital_—It is usual in flat slab construction to enlarge the supporting 
columns at their top, thus forming column capitals. The size and shape of the column 
capital affect the strength of the structure in several ways. The moment of the external 
forces which the slab is called upon to resist is dependent upon the size of the capital; 
the section of the slab immediately above the upper periphery of the capital carries the 
highest amount of punching shear; and the bending moment developed in the column 
by an eccentric or unbalanced loading of the slab is greatest at the under surface of the 
slab. Generally the horizontal section of the column capital should be round or square 
with rounded corners. In oblong panels the section may be oval or oblong, with dimensions 
proportional to the panel dimensions. For computation purposes, the diameter of the 
column capital will be considered to be measured where its vertical thickness is at least 
114 inches, provided the slope of the capital below this point nowhere makes an angle with 
the vertical of more than 45 degrees. In case a cap is placed above the column capital, 
the part of this cap within a cone made by extending the lines of the column capital upward 
at the slope of 45 degrees to the bottom of the slab or dropped panel may be considered as 
part of the column capital in determining the diameter for design purposes. Without 
attempting to limit the size of the column capital for special cases, it is reeommended that 
the diameter of the column capital (or its dimensions parallel to the edge of the panel) 
generally be made not less than one-fifth of the dimension of the panel from center to 
center of adjacent columns. A diameter equal to 0.225 of the panel length has been used 
quite widely and acceptably. For heavy loads or large panels especial attention should be 
given to designing and reinforcing the column capital with respect to compressive stresses 
and bending moments. In the case of heavy loads or large panels, and where the conditions 


- of the panel loading or variations in panel length or other conditions cause high bending 


stressesin the column, and also for column capitals smaller than the size herein recom- 
mended, especial attention should be given to designing and reinforcing the column capital 
with respect to compression and to rigidity of ennnection to floor slab. 

(b) Dropped Panel.—In one type of construction the slab is thickened throughout 
an area surrounding the column capital. The square or oblong of thickened slab thus 
formed is called a dropped panel or a drop. The thickness and the width of the dropped 
panel may be governed by the amount of resisting moment to be provided (the com- 
pressive stress in the concrete being dependent upon both thickness and width), or its 
thickness may be governed by the resistance to shear required at the edge of the column 
capital and its width by the allowable compressive stresses and shearing stresses in the 
thinner portion of the slab adjacent to the dropped panel. Generally, however, it is 
recommended that the width of the dropped panel be at least four-tenths of the correspond- 
ing side of the panel as measured from center to center of columns, and that the offset in 
thickness be not more than five-tenths of the thickness of the slab outside the dropped 

anel. 

x (c) Slab Thickness.—In the design of a slab, the resistance to bending and to shear- 
ing forces will largely govern the thickness, and, in the case of large panels with light 
loads, resistance to deflection may be a controlling factor. The following formulas for 
minimum thicknesses are recommended as general rules of design.when the diameter 
of the column capital is not less than one-fifth of the dimension of the panel from center to 
center of adjacent columns, the large dimension being used in the case of oblong panels. 
For notation, let 


t = total thickness of slab in inches. 
L = panel length in feet. 
w = sum of live load and dead load in pounds per square foot. 


Then, for a slab without dropped panels, minimum ¢ = 0.024L+/w + 114; for a slab 
with dropped panels, minimum ¢ = 0.02L~/'w fa Le t0r a dropped panel whose width is 
four-tenths of the panel length, minimum ¢t = 0.03L°~/w + 1}. 

In no case should the slab thickness be made less than six inches, nor should the thick- 
ness of a floor slab be made less than one-thirty-second of the panel length, nor the thick- 
ness of a roof slab less than one-fortieth of the panel length. ; 

(d) Bending and Resisting Moments in Slabs.—If a vertical section of a slab be taken 
across a panel along a line midway between columns, and if another section be taken 
along an edge of the panel parallel to the first section, but skirting the part of the periphery 
of the column capitals at the two corners of the panels, the moment of the couple formed by 
the external load on the half panel, exclusive of that over the column capital (sum of dead 
and live load) and the resultant of the external shear or reaction at the support at the 
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two column capitals (see Fig. 1), may be found by ordinary static analysis. It will be noted 
that the edges of the area here considered are along lines of zero shear except around the 
column capitals. This moment of the external forces acting on the half panel will be 
resisted by the numerical sum of (a) the moment of the internal stresses at the section of 
the panel midway between columns (positive resisting moment) and (3) the moment of the 
internal stresses at the section referred to at the end of the panel (negative resisting 
moment). In the curved portion of the end section (that skirting the column), the stresses 
considered are the components which act parallel to the normal stresses on the straight 
portion of the section. Analysis shows that, for a uniformly distributed load, and round 
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columns, and square panels, the numerical sum of the positive moment and the negative 
moment at the two sections named is given quite closely by the equation 
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In this formula and in those which follow relating to oblong panels: 
w = sum of the live and dead load per unit of area. 
1 = side of a square panel measured from center to center of columns. 
l, = one side of the oblong panel measured from center to center of columns. 
lz = other side of oblong panel measured in the same way. 
c = diameter of the column capital. 
M, =,numerical sum of positive moment and negative mement in one direction. 
M, = numerical sum of positive moment and negative moment in the other direction. 
(See paper and closure, Statical Limitations upon the Steel Requirement in Reinforced 
Concrete Flat Slab Floors, by John R, Nichols, Jun. Am. Soe. C. E., Transactions Am. Soc. 
C. E. Vol. LX XVII.) 
For oblong panels, the equations for the numerical sums of the positive moment and 
the negative moment at the two sections named become 
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M, Le (: = 3) 
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Where M, = is the numerical sum of the positive moment and the negative moment 
for the sections parallel to the dimensions lz, and My, is the numerical sum of the positive 
moment and the negative moment for the sections parallel to the dimensions J. 

What proportion of the total resistance exists as positive moment and what as negative 
moment is not readily determined. The amount of the positive moment and that of the 
negative moment may be expected to vary somewhat with the design of the slab. It seems 
proper, however, to make the division of total resisting moment in the ratio of three-eighths 
for the positive moment to five-eighths for the negative moment. 

With reference to variations in stress along the sections, it is evident from condi- 
tions of flexure that the resisting moment is not distributed uniformly along either the 
section of positive moment or that of negative moment. As the law of the distribution is 
not known definitely, it will be necessary to make an empirical apportionment along the 
sections; and it will be considered sufficiently accurate generally to divide the sections into 
two parts and to use an average value over each part of the panel section. 

The relatively large breadth of structure in a flat slab makes the effect of local variations 
in the concrete less than would be the case for narrow members like beams. The tensile 
resistance of the concrete is less affected by cracks. Measurements of deformations in 
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buildings under heavy load indicate the presence of considerable tensile resistance in the 
concrete, and the presence of this tensile resistance acts to decrease the intensity of the 
compressive stresses. It is believed that the use of moment coefficients somewhat less 
than those given in a preceding paragraph as derived by analysis is warranted, the calcula- 
tions of resisting moment and stresses in concrete and reinforcement being made according 
to the assumptions specified in this report and no change being made in the values of the 
working stresses ordinarily used. Accordingly, the values of the moments which are 
recommended for use are somewhat less than those derived by analysis. The values 
given may be used when the column capitals are round, oval, square or oblong. 

(e) Names for Moment Sections.—For convenience, that portion of the section across 
a panel along a line midway between columns which lies within the middle two quarters 
of the width of the panel (HI, Fig. 2), will be called the inner section, and that portion in 
the two outer quarters of the width of the panel (GH and IJ, Fig. 2) will be called the outer 
sections. Of the section which follows a panel edge from column capital to column capital 
and which includes the quarter peripheries of the edges of two column capitals, that portion 
within the middle two quarters of the panel width (CD, Fig. 2) will be called the mid- 
section, and the two remaining portions (ABC and DEF, Fig. 2), each having a projected 
width equal to one-fourth of the panel width, will be called the column-head sections. 

(f) Positive Moment.—For a square interior panel, it is reeommended that the positive 
moment for a section in the middle of a panel extending across its width be taken 

9-\ 2 

as 53 wl (: = 3) . Of this moment, at least 25 per cent should be provided for in the 
inner section; in the two outer sections of the panel at least 55 per cent of the specified 
moment should be provided for in slabs not having dropped panels, and at least 60 per cent 
in slabs having dropped panels, except that in calculations to determine necessary thickness 
of slab away from the dropped panel at least 70 per cent of the positive moment should be 
considered as acting in the two outer sections. 

(g) Negative Moment.—Vor a square interior panel, it is recommended that the negative 
‘moment for a section w hich follows a panel edge from column capital to column capital and 
which includes the quarter peripheries of the edges of the two column capitals (the section 


3 
negative moment, at least 20 per cent should be provided for in the mid-section and at least 
65 per cent in the two column-head sections of the panel, except that in slabs having dropped 
panels at least 80 per cent of the specified negative moment should be provided for in the 
two column-head sections of the panel. 

(h) Moments for Oblong Panels.—W hen the length of a panel does not exceed the breadth 
by more than 5 per cent, computation may be made on the basis of a square panel with sides 
equal to the mean of the length and the breadth. ; 

When the long side of an interior oblong panel exceeds the short side by more than 
one-twentieth and by not more than one-third of the short side, it is recommended that 


2c\ 2 ; c : 
the positive moment be taken as 55 wl (1 - 3) on a section parallel to the dimension 
2 . 


1 2c\ 2 : 
altogether forming the projected width of the panel) be taken as ig wl (: = A Ofthis 
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lo, and a3 whi (i _ 3) : on a section parallel to dimension 11; and that the negative moment 
” 2 - ‘ 
2c\ 2 f 5 
be taken as awls (1 — z) on a section at the edge of the panel corresponding to the 
5 
2c 


dimension ls, and = ul; (l2 — 4) : at a section in the other direction. The limitations of 
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the apportionment of moment between inner section and outer section and between mid- 
section and column-head sections may be the same as for square panels. 

(i) Wall Panels—The coefficient of negative moment at the first row of columns 
away from the wall should be increased 20 per cent over that required for interior panels, 
and likewise the coefficient of positive moment at the section halfway to the wall should 
be increased by 20 per cent. If girders are not provided along the wall or the slab does not 
project as a cantilever beyond the column line, the reinforcement parallel to the wall for the 
negative moment in the column-head section and for the positive moment in the outer 
section should be increased by 20 per cent. If the wall is carried by the slab this concen- 
trated load should be provided for in the design of the slab. : The coefficient of negative 
moments at the wall to take bending in the direction perpendicular to the wall line may be 
determined by the conditions of restraint and fixedness as found from the relative stiffness 
of columns and slab, but in no case should it be taken as less than one-half of that for 
ee ein the calculation of moments all the reinforcing bars which cross 
the section under consideration and which fulfill the requirements given under paragraph 
(1) of this chapter may be used. For a column-head section reinforcing bars parallel to the 
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straight portion of the section do not contribute to the negative resisting moment for the 
column-head section in question. In the case of four-way reinforcement the sectional area 
of the diagonal bars multiplied by the sine of the angle between the diagonal of the panel 
and straight portion of the section under consideration may be taken to act as reinforcement 
in a rectangular direction. : 

(k) Point of Inflection.—For the purpose of making calculations of moments at sections 
away from the sections of negative moment and positive moment already specified, the 
point of inflection on any line parallel to a panel edge may be taken as one-fifth of the clear 
distance on that line between the two sections of negative moment at the opposite ends of 
the panel indicated in paragraph (e), of this chapter. For slabs having dropped panels the 
coefficient of one-fourth should be used instead of one-fifth. 

() Arrangement of Reinforcement.—The design should include adequate provision 
for securing the reinforcement in place so as to take not only the maximum moments, 
but the moments at intermediate sections. All bars in rectangular bands or diagonal bands 
should extend on each side of a section of maximum moment, either positive or negative, 
to points at least twenty diameters beyond the point of inflection as defined herein or be 
hooked or anchored at the point of inflection. In addition to this provision bars in diagonal 
bands used as reinforcement for negative moment should extend on each side of a line 
drawn through the column center at right angles to the direction of the band at least a 
distance equal to thirty-five one-hundredths of the panel length, and bars in diagonal bands 
used as reinforcement for positive moment should extend on each side of a diagonal through 
the center of the panel at least a distance equal to thirty-five one-hundredths of the panel 
length; and no splice by lapping should be permitted at or near regions of maximum stress 
except as just described. Continuity of reinforcing bars is considered to have advantages, 
and it is reeommended that not more than one-third of the reinforcing bars in any direction 
be made of a length less than the distance center to center of columns in that direction. 
Cortinuous bars should not all be bent up at the same point of their length, but the zone in 
which this bending occurs should extend on each side of the assumed point of inflection, and 
should cover a width of at least one-fifteenth of the panel length. Mere draping of the 
bars should not be permitted. In four-way reinforcement the position of the bars in both 
diagonal and rectangular directions may be considered in determining whether the width 
of zone of bending is sufficient. 

(m) Reinforcement at Construction Joints.—It is recommended that at construction 
joints extra reinforcing bars equal in section to 20 per cent of the amount necessary to 
meet the requirements for moments at the section where the joint is made be added to the 
reinforcement, these bars to extend not less than 50 diameters beyond the joint on each 
side. 

(n) Tensile and Compressive Stresses—The usual method of calculating the tensile 
and compressive stresses in the concrete and in the reinforcement, based on the assump- 
tions for internal stresses given in this chapter, should be followed. In the case of the 
dropped panel the section of the slab and dropped panel may be considered to act integrally 
for a width equal to the width of the column-head section. 

(0) Provision for Diagonal Tension and Shear.—In calculations for the shearing stress 
which is to be used as the means of measuring the resistance to diagonal tension stress, it is 
recommended that the total vertical shear on two column-head sections constituting a 
width equal to one-half the lateral dimensions of the panel, for use in the formula for deter- 
mining critical shearing stresses, be considered to be one-fourth of the total dead and live 
load on a panel for a slab of uniform thickness, and to be three-tenths of the sum of the 
dead and live loads on a panel for a slab with dropped panels. The formula for shearing 

F : 0.25W me : 0.30W 
unit stress may then be written »v = Sigs for slabs of uniform thickness, and » = a a 
for slabs with dropped panels, where W is the sum of the dead and live load on a seal 
b is half the lateral dimension of the panel measured from center to center of columns, and 
jd is the lever arm of the resisting couple at the section. 

The calculation of what is commonly called punching shear may be made on the assump- 
tion of a uniform distribution over the section of the slab around the periphery of the 
column capital and also of a uniform distribution over the section of the slab around the 
periphery of the dropped panel, using in each case an amount of vertical shear greater by 
25 per cent than the total vertical shear on the section under consideration. ° 

The values of working stresses should be those recommended for diagonal tension 
and shear in the section on ‘‘ Working Stresses.” 

(p) Walls and Openings.—Girders or beams should be constructed to carry walls and 
other concentrated loads which are in excess of the working capacity of the lab. Beams 
should also be provided in case openings in the floor reduce the working strength of the 
slab below the required carrying capacity. 

(gq) Unusual Panels.—The coefficients, apportionments, and thicknesses recom- 
mended are for slabs which have several rows of panels in each direction, and in which 
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the size of the panels is approximately the same. For structures having a width of one, 
two, or three panels, and also for slabs having panels of markedly different sizes, an analysis 
should be made of the moments developed in both slab and columns, and the values given 
herein modified accordingly. Slabs with paneled ceiling or with depressed paneling in the 
floor are to be considered as coming under the recommendations herein given. 

(r) Bending Moments in Columns.—Provision should be made in both wall columns 
and interior columns for the bending moment which will be developed by unequally loaded 
panels, eccentric Joading, or uneven spacing of columns. The amount of moment to be 
taken by a column will depend upon the relative stiffness of columns and slab, and com- 
putations may be made by rational methods, such as the principal of least work, or of slope 
and deflection. Generally, the larger part of the unequalized negative moment will be 
transmitted to the columns, and the column should be designed to resist this bending 
moment. Especial attention should be given to wall columns and corner columns. 


Working Stresses 


General Assumptions.—The following working stresses are recommended for static 
loads. Proper allowances for vibration and impact are to be added to live loads where 
necessary to produce an equivalent static load before applying the unit stresses in propor- 
tioning parts. 

In selecting the permissible working stress on concrete, the designer should be guided 
by the working stresses usually allowed for other materials of construction, so that all 
structures of the same class composed of different materials may have approximately the 
same degree of safety. 

The following recommendations as to allowable stresses are given in the form of per- 
centages of the ultimate strength of the particular concrete which is to be used; this ultimate 
strength is that developed at an age of twenty-eight days, in cylinders 8 inches in diameter 
and 16 inches long, of proper consistency * made and stored under laboratory conditions. 
In the absence of definite knowledge in advance of construction as to just what strength 
may be expected, the committee submits the following values as those which should be 
obtained with materials and workmanship in accordance with the recommendations of this 
report. ; 

Although occasional tests may show higher results than those here given, the Committee 
recommends that these values should be the maximum used in design. 


TABLE OF COMPRESSIVE STRENGTHS OF DIFFERENT MIxTURES OF CONCRETE 
(In Pounds per Square Inch) 


Aggregate ie | 1:43 fF 1:6 1:746T 1:9 
GCLAMIEMELAp LOCK 2 0.) a 6 ses 3300 2800 2200 1800 1400 
Gravel, hard limestone and hard sandstone 3000 2500 2000 1600 1300 
Soft limestone and sandstone ....... | 2200 1800 1500 1200 | 1000 
Cinders 800 700 600 500 400 


Nore. For variations in the moduli of elasticity see 254. 


Bearing.—When compression is applied to a surface of concrete of at least twice the 
loaded area, a stress of 35 per cent of the compressive strength may be allowed in the 
area actually under load. 

Axial Compression.—For concentric compression on a plain concrete pier, the length 
of which does not exceed four diameters, or on a column reinforced with longitudinal bars 
only, the length of which does not exceed 12 diameters, 22.5 per cent of the compressive 
strength may be allowed. 

For other forms of columns the stresses obtained from the ratios given in the preceding 
section on ‘“‘ Design” may govern. 

Compression in Extreme Fiber.—The extreme fiber stress of a beam, calculated on 
the assumption of a constant modulus of elasticity for concrete under working stresses 
may be allowed to reach 32.5 per cent of the compressive strength. Adjacent to the 
support of continuous beams stresses 15 per cent higher may be used. ; : 

Shear and Diagonal Tension.—In calculations on beams in which the maximum 
shearing stress in a section is used as the means of measuring the resistance to diagonal 
tension stress, the following allowable values for the maximum vertical shearing stress in 


‘ V ; 
concrete, calculated by the method given in formula on page 4, » = bd’ are recommended: 


= phi terials should be mixed wet enough to produce a concrete of such a consistency as will flow 
Bascahly into the forms and about the metal reinforcement, and which, at the same time, can be 
conveyed from the mixer to the forms without separation of the coarse aggregate from the mortar. 
The quantity of water is of the greatest importance in securing concrete of maximum strength and 
density; too much water is as objectionable as too little. 

+ Combined volume fine and coarse aggregate measured separately. 
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(a)—For beams with horizontal bars only and without web reinforcement, 2 per cent of 
the compressive strength. y 

(b)—For beams with web reinforcement consisting of vertical stirrups looped about 
the longitudinal reinforcing bars in the tension side of the beam and spaced horizontally 
not more than one-half the depth of the beam; or for beams in which longitudinal bars are 
bent up at an angle of not more than 45 degrees or less than 20 degrees with the axis of the 
beam, and the points of bending are spaced horizontally not more than three-quarters of the 
depth of the beam apart, not to exceed 444 per cent of the compressive strength. 

(c)—For a combination of bent bars and vertical stirrups looped about the reinforcing 
bars in the tension side of the beam and spaced horizontally not more than one-half of the 
depth of the beam, 5 per cent of the compressive strength. E 

(d)—For beams with web reinforcement (either vertical or inclined) securely attached 
to the longitudinal bars in the tension side of the beam in such a way as to prevent slipping 
of bar past the stirrup, and spaced horizontally not more than one-half of the depth of the 
beam in case of vertical stirrups and‘not more than three-fourths of the depth of the beam 
in the case of inclined members, either with longitudinal bars bent up or not, 6 per cent of 
the compressive strength. 

The web reinforcement in case any is used should be proportioned by using two-thirds 
of the external vertical shear in formulas (a) and (b) on page 4. The effect of longitu- 
dinal bars bent up at an angle of from 20 to 45 degrees with the axis of the beam may 
be taken at sections of the beam in which the bent up bars contribute to diagonal 
tension resistance (see ‘‘Diagonal Tension and Shear,” page 245) as reducing the 
shearing stresses to be otherwise provided for. The amount of reduction of the shearing 
stress by means of bent up bars will depend upon their capacity, but in no case should be 
taken as greater than 414 per cent of the compressive strength of the concrete over the 
effective cross-section of the beam.* ‘The limit of tensile stress in the bent up por- 
tion of the bar calculated by formula (6) on page 4, using in this formula an amount of total 
shear corresponding to the reduction in shearing stress assumed for the bent up bars, 
may be taken as specified for the working stress of steel, but in the calculations the 
stress in the bar due to its part as longitudinal reinforcement of the beam should be 
considered. The stresses in stirrups and inclined members when combined with bent 
up bars are to be determined by finding the amount of the total shear which may be 
allowed by reason of the bent up bars, and subtracting this shear from the total external 
vertical shear. Two-thirds of the remainder will be the shear to be carried by the stirrups, 
using formulas (a) or (b) on page 4. 

Where punching shear occurs, provided the diagonal tension requirements are met, 
a shearing stress of 6 per cent of the compressive strength may be allowed. 

Bond.—The bond stress between concrete and plain reinforcing bars may be assumed 
at 4 per cent of the compressive strength, or 2 per cent in the case of drawn wire. In the 
best types of deformed bar the bond stress may be increased, but not to exceed 5 per cent of 
the compressive strength of the concrete. 

Reinforcement.—The tensile or compressive stress in steel should not exceed 16,000 
pounds per square inch. 

In structural steel members the working stresses adopted by the American Railway 
Engineering Association are recommended. 

Modulus of Elasticity—The value of the modulus of elasticity of concrete has a wide 
range, depending on the materials used, the age, the range of stresses between which it is 
considered, as well as other conditions. It is recommended that in computations for the 
position of the neutral axis, and for the resisting moment of beams and for compression 
of concrete in columns, it be assumed as: 

(a)—One-fortieth that of steel, when the strength of the concrete is taken as not more 
than 800 pounds per square inch. 

(6)—One-fifteenth that of steel, when the strength of the concrete is taken as greater 
than 800 pounds per square inch. 

(c)—One-twelfth that of steel, when the strength of the concrete is taken as greater 
than 2,200 pounds per square inch, and less than 2,900 pounds per square inch. 

(d)—One-tenth that of steel, when the strength of the concrete is taken as greater 
than 2,900 pounds per square inch. 

Although not rigorously accurate, these assumptions will give safe results. For the 
deflection of beams which are free to move longitudinally at the supports, in using formulas 
for deflection which do not take into account the tensile strength developed in the concrete, 
a modulus of one-eighth of that of steel is reeommended. 
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AMERICAN CONCRETE INSTITUTE RECO MMENDATIONS* 


1. Conditions.— All reinforced-concrete construction shall be designed to meet the 
conditions of loading (including bending in columns) without stressing the materials used 
beyond the safe working stresses specified. 

2. Dead-Loads.—The dead-loads shall be the weight of the permanent structure. The 
weight of reinforced stone, gravel or slag concrete shall be taken as 144 lb. per cu. ft.; 
the weight of cinder concrete as 100 Ib. per cu. ft. 

3. Live-Loads.—The live-load shall be the working or variable load for which the 
structure is designed. 

4. Reduction of Loads.—All parts of a structure shall be designed to carry safely the 
entire combined dead- and live-loads with the exception that the loads on columns and 
foundations may be reduced by considering that columns in top story carry the total live- 
and dead-load above them; columns in next to top story carry the total dead-load and 
eighty-five (85) per cent of the total live-load above; columns in the next lower story, the 
total dead-load and eighty (80) per cent of the total live-load above: and thus on downward 
reducing at each story the percentage of total live-loads carried, by 5, until a reduction of 
fifty (50) per cent is reached. The columns in this and in every story below this point 
shall be proportioned to carry the total dead-load and at least fifty (50) per cent of the 
total live-load of all the floors and roofs above them. 

For warehouses the increment of reduction per story shail be 244 per cent instead of & per 
cent. 

5. General Assumptions.—As a basis for calculations for the strength of reinforced- 
concrete construction the following assumptions shall be made: 


(a) Calculations shall be made with reference to working stresses and safe loads 
rather than with reference to ultimate strength and ultimate loads. 

(b) A plane section before bending remains plane after bending. 

(c) The modulus of elasticity of concrete in compression within the usual limits of 
working stresses is constant. 

(d) In calculating the moment of resistance of beams, the tensile stresses in the 
concrete are neglected. 

(e) Perfect adhesion is assumed between concrete and reinforcement. Under 
compressive stresses the two materials will, therefore, be stressed in proportion to their 
moduli of elasticity. 

(f) The ratio of the modulus of elasticity of concrete shall be taken as follows: 

1. One-fortieth that of steel when the strength of the concrete is taken as not more 

than eight hundred (800) lb. per sq. in. 

2 One-fifteenth that of steel when the strength of the concrete is taken as greater 
than twelve hundred (1200) lb. per sq. in. or less than twenty-two hundred 
(2200) lb. per sq. in. 

3. One-twelfth that of steel when strength of the concrete is taken as greater than 
twenty-two hundred (2200) Ib. per sq. in. or less than thirty-three hundred (3300) 


lb. per sq. in. é 
4. One-tenth that of steel when the strength of the concrete is taken as greater than 


thirty-three hundred (3300) lb. per sq. in. 


6. Strength of Materials.—The ultimate strength of concrete shall be that developed at 
an age of 28 days, in cylinders 8 in. in diameter and 16 in. in length or 6 in. in diameter and 
12 in. in length, of the consistency and proportions to be used in the work, made and stored 
under laboratory conditions, but in no case shall the values exceed those allowed in the table 
below. In the absence of definite knowledge in advance of construction as to just what 
strength may be developed, the following values may be used: 


* Passed by letter-ballot of the Institute, April 17, 1920. 
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TasLp or Srrenctus or DirrpRent MIxTuRES 
Proportion of cement to aggregate 


Aggregate 1:3* 1:4)9* 1:6* 1:746* 1:9" 
For stone, gravel or slag with water-cement 

Patio feOL sc: cruise east aauronere siti eee eee ens 0.8 0.9 1.0 iba til 1322 
Streneth of concrete... cece ee 3000 2500 2000 1600 1300 
Ginders smstwn ek accenc cease ee here trae renee 890 700 600 500 400 


7. Safe Working Stresses.—Reinforced-concrete structures shal! be so designed that the 
stresses, figured in accordance with these regulations, in pounds per square inch, shall not 
exceed the following: 


(a) Extreme fiber stress in concrete in compression 3714 per cent of the compressive 
strength specified in Section 6. Adjacent to the support of continuous members, 41 per 
cent provided the member frames into a mass of concrete projecting at least 50 per cent 
of the least dimension of the member on all sides of the compression area of the member. 

(b) Concrete in direct compression 25 per cent of the compressive strength specified 
in Section 6. . 

(c) Shearing stress in concrete when main steel is not bent and when steel is not 
provided to resist diagonal tension, as specified in Section 10. 

(a) Where punching shear occurs, provided the diagonal tension requirements are 
met, a shearing stress as specified in Section 10 will be allowed. 

(e) Vertical shearing stresses, as specified in Section 10. 

(f) Bond stress between concrete and plain reinforcing bars—4 per cent of the 
compressive strength. 

(g) Bond stress between concrete and approved deformed bars—5 per cent of the 
compressive strength. 

(hk) Compression applied to a surface of concrete of at least twice the loaded area, 
a stress of 50 per cent of the compressive strength shall be allowd over the area actually 
under load. 

(7) Tensile stress in steel—16,000 lb. per sq. in., except that for steel having an 
elastic limit of at least 50,000 lb., a working stress of 18,000 lb. per sq. in. will be 
allowed. : 


8. Girder, Beam, and Slab Construction.—In determining the bending moment in 
slabs, beams and girders, the load carried by the member shall include both the dead- and 
the live-loads. 

The span of the member shall be the distance center to center of supports, but not to 
exceed the clear span plus the depth of the member, except that for continuous or fixed 
members framing into other reinforced-concrete members the clear span may be used. 

For continuous members supported upon brackets making an angle of not more than 
45 degrees with the vertical, and having a width not less than the width of the member 
supported, the span shall be the clear distance between brackets plus one-half the total 
depth of the member. 

If the brackets make a greater angle than 45 degrees with the vertical, only that portion 
of the bracket within the 45 degrees slope shall be considered. Maximum negative mo- 
ments are to be considered as existing at the end of the span as here defined. 


For members uniformly loaded the bending moment shall be assumed ag = » where 


W = total load; L = span; and F = 8 for members simply supported, 10 for both 
negative and positive bending moment for members restrained at one end and simply 
supported or partially restrained at the other, and 12 for both negative and positive bend- 
ing moment for members fixed or continuous at both supports. The above bending mo- 
ments for continuous members apply only when adjacent spans are approximately equal 

A special condition of loading to be reduced to equivalent uniformly distributed loading 
in accordance with approved engineering practice. For members having one end simply 
supported or partially restrained, at least fifty (50) per cent of the tension reinforcement 
required at center of span shall be bent up and adequately anchored to take bending moment 
at exterior support. ; 

At the ends of continuous beams, the amount of negative moment which will be devel- 
oped in the beam will depend on the condition of restraint or fixedness, and this will depend 


. 5 2 
on the form of construction used. In the ordinary cases a moment of may be taken: 
Es 16 , 


for small beams running into heavy columns this should be increased but not to exceed ce 
12 


* Total volume of fine and coarse aggregate, measured separatel 
+ Water-Cement Ratio = Ratio of water to cement by voluie: = 
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9. Slabs.—The main tensile reinforcement shall not be farther apart than two times 
the thickness of the slab. For slabs designed to span one way, steel having an area of at 
least two-tenths of one per cent (0.2 %) of section of slab shall be provided transverse to 
main reinforcement, and this transverse reinforcement shall be further increased in the top 
of the slab over girders to prevent cracking, and the main steel in slabs parallel and adjacent 
to girders may be reduced accordingly. Where openings are left through slabs, extra 
reinforcement shall be provided to prevent local cracks developing. This reinforcement 
shall in no case be less than 4 sq. in. in section and must be securely anchored at ends. 
Floor finish when placed monolithic may be considered part of the structural section. 

Where adequate bond and shearing resistance between slab and web of beam is provided, 
the slab may be considered as an integral part of the beam, but its effective width shall not 
exceed on either side of the beam one-sixth of the span length of the beam nor be greater 
than six times the thickness of the slab on either side of the beam, nor greater than one-half 
of the distance between beams on either side, the measurements being taken from edge of 
web. 

10. Shear and Diagonal Tension.—(a) The notation used in this section is as follows: 


V = total vertical shear at any section. 
V’ = vertical shear carried by the web reinforcement. 
v = V/bjd = Unit vertical shearing stress. 
d = depth from compressive face to c. g. of tensile steel in inches. 
6 = breadth of beam. 
b’ = breadth of stem of T-beam or web of I-beam. 
A, = area of longitudinal steel. 
A, = area of shear steel in section of beam considered. 
j = ratio of lever arm of resistance couple to depth d. 
p = A;/bd = Longitudinal steel ratio. 
r = A,/ba = Shear steel ratio. 
@ = spacing of shear steel measured perpendicular to its direction. 
f’ = ultimate strength of concrete cylinders at 28 days (or at time of test in considering 


test data). 
fo = tensile stress in web reinforcement. 


Except where v is noted as the unit punching shearing stress, it is used as a shearing 
stress index governing the value of the diagonal tension in the web as is the present common 
practice. 

(b) All allowances for design unit shearing stresses in the following sections are predicated 
on proper design of the longitudinal reinforcement to effectively resist all positive and 
negative moments, as prescribed in other sections of these standards. Wherever web 
reinforcement is used it must be adequately anchored at both ends. 

(c) Members with Web Reinforcement. When adequate mechanical anchorage of both 
web and longitudinal rods-is provided, the concrete may be figured to carry a unit vertical 
shearing stress equal to 0.025f,’ and the remainder of the shear shall be carried by web bars 
designed according to the formula: 

V'a 
fojd 


Properly anchored bent-up longitudinal bars may be considered as web reinforcement. 

The maximum unit shearing stress shall not exceed 0.12f,’ in any case. 

(d) When adequate mechanical anchorage of the longitudinal rods as defined in the next 
paragraph is not provided, the maximum unit shearing stress shall not exceed 0.06f.’, 
of which 0.02f,’ may be considered to be taken by the concrete and the remainder of the 
shear taken by the web bars designed as above. Web rods must be adequately anchored in 
all cases. : a 

(e) Adequate mechanical anchorage of the bottom longitudinal steel for positive 
moments shall consist of carrying the reinforcement a sufficient distance beyond the point 
of inflection to develop the assumed tension in the reinforcement at the point of inflection 
by bond between the end of the bar and the point of inflection of the member (never to a 
less distance than one inch from the center of the support or in case of wide supports to not 
less than 12 in. of embedment in the support), or of bending the end of the bars over the 
support to a half circle of diameter not less than 8 times the diameter of the bar, or by any 
device that will transmit the tension on the bar to the concrete over the support at a 
compressive stress of not over 0.50f,’._ The tension in the bar, at the point of inflection 
to be resisted by the anchorage, shall be taken for this computation as not less than one- 
third of the maximum safe tension in the bar. Reinforcement for negative moment shall 
be thoroughly anchored at the support and extend into the span a sufficient distance to 
adequately provide for negative tension by bond. Simply supported beams shall have the 
longitudinal steel anchored by hooks of diameter specified above or by an equivalent anchor- 


257 


Ay 


age, the tensile stress at the edge of the support being taken as one-third of the maximum 
safe tension in the bar. (Figs. 1, 2 and 3.) 

(f) Anchorage of the web steel shall consist of continuity of the web member with the 
longitudinal member, or of carrying the web member about at least two sides of a longitudi- 
nal bar at both ends, or of carrying the web member about at least two sides of a longitudinal 
member at one end and making a half circular hook at the other end of a diameter not less 
than eight times the diameter of the web rod. In all cases, the bent ends of web bars shall 
extend at least eight diameters below or above the point of extreme height or depth of the 
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bar. In case the end anchorage is not in bearing on other reinforcing steel, the anchorage 
shall be such as to engage an adequate amount of concrete to prevent the bar from pulling 
off a portion of the concrete. In all cases the stirrups shall be carried as close to the upper 
and lower surfaces as fireproofing requirements will permit. The size of web reinforcing 
bars which are not either a part of the longitudinal steel or welded thereto shall be such that 
not less than two-fifths of the maximum design tensile stress in the bar may be developed 
at design bond stresses in a length of rod equal to 0.4d. This condition is satisfied for plain 
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round stirrups when the diameter of the bar does not exceed da/50. The balance of the 
tensile stress in the bar may be considered as taken by adequate end anchorage as specified 
above. (Fig. 4.) 

(g) Beams in which no longitudinal reinforcement is provided in the upper portion of the 
beam adjacent to the support and in which the ends of the beam are built monolithic with 
other parts of the concrete structure, shall not carry a unit shearing; stress in excess of 
0.02f,’, regardless of amount of web reinforcement provided. (Fig. 5.) 

(h) When the shear reinforcement consists of bars bent up at an angle so as to rein- 
force all sections of the beam in which the unit shearing stress exceeds 0.02/,’ the design 
may be made as follows: 


Anis = V' sec a. 
Where A, = area of bent-up shear bars. 
f» = stress in bent-up shear bars. 
V’ = total shear at end of span as prescribed for moment less the shearing 


resistance of the concrete at a unit stress of 0.02f.’ over the area b’jd. 
@ = angle between bent-up rod and the vertical. (Fig. 6.) 


Fie. 6. 


The maximum unit shearing stress shall not exceed 0.06 f;’ with this arrangement of web 
steel and the longitudinal steel shall be adequately anchored as defined above in all cases. 

(t) In case the web reinforcement consists solely of inclined shear bars the first bent bar 
shall bend downward from the plane of the upper reinforcement directly over or within the 
edge of the support. 

(7) Where additional web reinforcement is provided the same may be figured in accord- 
ance with Section 10 (c). The total shearing resistance of the beam shall be taken as the 
sum of the resistances under Section 10 (c) and 10 (h). 

(k) Beams without Web Reinforcement.—When the longitudinal steel is not fully an- 
chored, as prescribed above, the unit shearing stress shall not exceed 0.02f;’.. When the 
longitudinal steel is fully anchored, as prescribed above, the unit shearing stress shall not 
exceed 0.03/,’. 

() Critical Section for Shear in Beams.—The critical section for shear as governing 
diagonal tension shall be taken at a distance not greater than one-half the effective depth of 
the beam (14d), from the end of the span as prescribed for moment. 
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The effective depth of the critical section for shear as governing diagonal teusion shall 
be taken as the depth jd of the beam in the plane of the critical section. 

The breadth of the critical section shall be the full breadth of rectangular beams or the 
breadth of the stem of T-beams or the thickness of the web in beams of I section. 

(m) Tile and Concrete Joist Construction.—The shearing stresses in tile and concrete 
joist construction shall not exceed those in beams or slabs of similar reinforcement. The 
breadth of the effective section for shear, as governing diagonal tension, may be taken as 
the thickness of the concrete joist plus one-half the thickness of the vertical webs of the 
tile, provided that the joints in one row come opposite the centers of tile in adjoining rows 
on either side. ; 

Where the tile joints are not staggered, only the concrete joists may be considered 
effective in resisting shear. 
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(n) Flat-slab Construction.—In flat-slab construction where a drop panei is used ad- 
joining the column, the shearing stress, as governing diagonal tension, figured on the jd 
depth on a vertical section along the periphery of the drop, shall not exceed 0.03f,’. (See 
Fig. 7. 

es a flat-slab construction, with or without drop panels, the shearing stress, as govern- 
ing diagonal tension, figured between the compression face of the slab or drop and the level 
of the center of gravity of the reinforcing steel, on the surface of the frustum of a cone or 
pyramid passing through the periphery of the column capital and having a base angle of 
45 degrees, shall not exceed 0.035f-’. ; 

(p) Footings.—In footings carrying a single column or load, the shearing stress, as 
governing diagonal tension, figured between the level of the centroid of the compressive 
stresses and the level of the center of gravity of the reinforcing steel on the surface of the 
frustum of a cone or pyramid passing through the base of the supported column or loaded 
member and having a base angle of 45 degrees the unit stresses shall not exceed those in 
beams without web reinforcement. Especial attention shall be given to bond in footings. 
The total vertical shear on this section shall be taken as the upward pressure on the area 
of the footing outside the base of this section. 

(q) If adequate anchorage is provided for the tensile steel and adequately anchored 
web reinforcement is also provided such web reinforcement may be figured in accordance 
with the formula given in Section 10 (c) above. Such calculations may be made for vertical 
sections concentric with the supported column. 

(r) For footings supporting two or more columns, the shearing stresses shall be figured 
as for beams or slabs. 

(s) Arrangement of Web Reinforcement.—The spacing of web reinforcement as measured 
perpendicular to their direction shall not exceed 3d/4 in any case where web reinforcement 
is necessary. Where vertical stirrups or web members inclined less than 30 degrees to the 
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vertical are used, the spacing shall not exceed d/2. When the unit shearing stress exceeds 
0.06f-’ the spacing of the web reinforcement shall not exceed d/2 in any case, nor d/3 for 
vertical stirrups or web steel inclined less than 30 degrees with the vertical. 

The first vertical stirrup shall be placed not farther than d/2 from the face of the 
support in any case. The first inclined stirrup or bent-up rod shall reach the level of the 
upper longitudinal steel at a distance not greater than d/2 from the edge of the support if 
the bottom longitudinal steel is adequately anchored and at the edge of the web support if 
the longitudinal steel is not anchored. Web members ray be placed at any angle between 
0 and 60 degrees with the vertical, provided that, if inclined, they shall be inclined in the 
proper direction to take tension, rather than compression, in the web. 

(t) Punching Shear.—Punching shear shall be figured on a vertical section through 
the periphery of the smaller member. The unit shearing stress in punching shear, figured 
on the full depth d to the center of gravity of the reinforcement, shall not exceed 0.1f;’. 

(u) When the depth of the supported or supporting member is less than one-fifteenth of 
the span in the case of beams or slabs, or less than one-third of the overhang in the case of 
cantilevers (including footings), the unit shearing stress in punching shear shall not exceed 
0.06f,’. > 

11. Tile and Joist Floors.—Wherever floors are built with a combination of tile or 
other fillers between reinforced-concrete joists, the following rules regarding the dimensions 
and methods of calculations of construction shall be observed: j 

(a) Wherever a portion of the slab above the fillers is considered as acting as a T-beam 
section, the slab portion must be cast monolithic with the joist and have a minimum thick- 
ness of two (2) inches. 

(b) Wherever porous fillers are used which will absorb water from the concrete, care 
must be taken thoroughly to saturate same before concrete is placed. 
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; (c) All regulations given above for beam and girder floors shall apply to tile and joist 
oors. 


: ” ate sections of fillers shall be together and all joints reasonably tight before concrete 
is placed. 
12. Flat-slab or Girderless Floors.—Continuous flat-slab floors, reinforced with steel 


rods or mesh and supported on spaced columns in orderly arrangement, shall conform to the 
following requirements: 
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(a) Notation and Nomenclature.—In the formula let 


w = total dead-and live-load in pounds per square foot of floors. 

1; = span in feet center to center of columns parallel to sections on which moments 
are considered. 

span in feet center to center of columns perpendicular to sections on which 
moments are considered. 

c¢ = average diameter of column capital in feet at plane where its thickness is 114 in. 

q@ = distance from center line of the capital to the center of gravity of the periphery 
of the half capital divided by %c. For round capitals g may be considered 
as two-thirds and for square capitals as three-quarters. 

total slab thickness in inches. 

average span in feet center to center of columns, but not less than 0.9 of the 
greater span. 
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The column head section, mid section, outer section, and inner section are located and 
dimensioned as shown in Fig. 9. Corresponding moments shall be figured on similar 
sections at right angles to those shown in Fig. 9. : 

(b) Structural Variations.—Flat-slab floors may be built with or without caps, drops or 
paneled ceilings. These terms are illustrated in Fig. 10, 

Where caps are employed they shall be considered a part of the columns and the columa 
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capital dimension c shall be found by extending the lines of the capital to an intersection 
with the plane of the under surface of the slab as indicated in Fig. 10b. The cap shall be 
large enough to enclose this extension of the capital lines. 

The column capital profile shall not fall at any point inside an inverted cone drawn, as 
shown in Fig. 10a, from the periphery of the designed capital of diameter c and with a base 
angle of 45 degrees. The diameter of the designed capita! c shall be taken where the verti- 
cal thickness of the column capital is at least 14 in. 

The drop, where used, shall not be less than 0.3 Z in width. 

Where paneled ceilings are used the paneling shall not exceed one-half of the slab 
thickness in depth and the dimension of the paneling shall not exceed 0.8 of the panel dimen- 
sion. (See Fig. 10c.) 

(c) Slab Thickness.—The slab thickness shall not be less than t = 0.02L+/ w+lin. 

In no case shall the slab thickness be less than }4 9L for floor slabs nor less than 14 oL for 
roof slabs. 

(d) Design Moments.—The numerical sum of the positive and negative moments in foot 
pounds shall not be less than 0.09wli(lz2 — gc)?. Of this total amount not less than 40 
per cent shall be resisted in the column head sections. Where a drop is used, not less than 
50 per cent shall be resisted in the column head sections. 

Of the total amount not less than 10 per cent shall be resisted in the mid section. 

Of the total amount not less than 18 per cent shall be resisted in the outer section. 

Of the total amount not less than 12 per cent shall be resisted on the inner sections. 

The balance of the moment shall be distributed between the various sections as required 
by the physical details and dimensions of the particular design employed. 

(e) Exterior Panels—The negative moments at the first interior row of columns and the 
positive moments at the center of the exterior panel on sections parallel to the wall, shall 
be increased 20 per cent over those specified above for interior panels. If girders are not 
provided long the column line, the reinforcement parallel to the wall for negative moment in 
the column head section and for positive moment in the outer section adjacent to the wali, 
shall be altered in accordance with the change in the value of c. The negative moment on 
sections at the wall and parallel thereto should be determined by the conditions of restraint, 
but must never be taken less than 80 per cent of those for the interior panels. 

(f) Reinforcement.—In the calculation of moments all the reinforcing bars which cross 
the section under consideration and which fulfill the requirements given under “‘ Arrange- 
ment of Reinforcement”? may be used. For a column head section reinforcing bars parallel 
to the straight portion of the section do not contribute to the negative resisting moment 
for the column head section in question. The sectional area of bars, crossing the section 
at an angle, multiplied by the sine of the angle between these bars and the straight portion 
of the section under consideration may be taken to act as reinforcement in a rectangular 
direction. Calculations for shearing stress shall be made in accordance with Section 10. 

(g) Point of Inflection.—For the purpose of making calculations of moment at sections 
away from the sections of negative moment and positive moment already specified, the 
point of inflection shall be taken at a distance from center line of columns equal to 
1é(l2 — qc) + bgqce. This becomes }5(l2 +) where capitalis circular. For slabs having 
drop panels the coefficient of 44 should be used instead of 1é. 

(h) Arrangement of Reinforcement.—The design should include adequate provision for 
securing the reinforcement in place so as to take not*only the maximum moments but the 
moments of intermediate sections. If bars are extended beyond the column capital and 
are used to take the bending moment on the opposite side of the column, they must 
extent to the point of inflection. Bars in diagonal bands used as reinforcement for negative 
moment should extend on each side of the line drawn through the column center at right 
angles to the direction of the band a distance equal to 0.35 of the panel length, and bars in 
the diagonal bands used as reinforcement for positive moment, should extend on each side 
of the diagonal through the center of the panel a distance equal to 0.35 of the panel length. 
Bars spliced by lapping and counted as only one bar in tension shall be lapped not less than 
80 diameters if splice is made at point of maximum stress and not more than 50 per cent 
of the rods shall be so spliced at any point in any single band or in any single region of 
tensile stress. Continuous bars shall not all be bent up at the same point of their length, 
but the zone in which this bending occurs should extend on each side of the assumed point 
of inflection. : 

(t) Tensile and Compressive Stresses.—The usual method of calculating the tensile and 
compressive stresses in the concrete and in the reinforcement, based on the assumptions 
for internal stresses, should be followed. In the case of the drop panel, the section of the 
slab and drop panel may be considered to act integrally for a width equal to a width of the 
column head section. Within the column head section the allowable compression may be 
increased as prescribed in Section 7 for continuous members. 

(7): Provision for Diagonal Tension and Shear.—In calculations for the shearing stress 
which is to be used as the means for measuring the resistance to diagonal tension stress, it 
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shall be assumed that the total vertical shear on a column head section constituting a 
width equal to one-half the lateral dimension of the panel, for use in determining critical 
shearing stresses, shall be considered to be one-fourth of the total dead- and live-load on a 
panel for a slab of uniform thickness, and to be 0.3 of the sum of the dead- and live-loads on 
a panel for a slab with drop panels. The formula for shearing unit stress shall be » = 


0.25W fs 
bd for slabs of uniform thickness andv = ee for slabs with drop panels, where W is 


the sum of the dead- and live-load on a panel, b is half the lateral dimension of the panel 
measured from center to center of columns, and jd is the lever arm of the resisting couple 
at the section. 

The calculation for punching shear shall be made on the assumption of a uniform distri- 
bution over the section of the slab around the periphery of the column capital and also of a 
uniform distribution over the section of the slab around the periphery of the drop panel, 
using in each case an amount of vertical shear greater by 25 per cent than the total vertical 
shear on the section under consideration. , 

The values of working stresses should be those recommended for diagonal tension and 
shear in Section 10. 

(k) Walls and Openings.—Additional slab thickness, girders, or beams shall be provided 
to carry walls and other concentrated loads which are in excess of the working capacity of 
the slab. Beams should also be provided in case openings in the floor reduce the working 
strength of the slab below the required carrying capacity. Where lintels are used with 
flat-slab construction the depth of the lintels being greater than the combined depth of 
the slab and depressed panel, they shall be designed to carry a uniformly distributed 
load equal to }¢ of the total panel load in addition to any other loads superimposed upon 
the lintel and the dead weight of the lintel. 

(1) Unusual Panels—The coefficients, steel distribution, and thicknesses recommended 
are for slabs which have three or more rows of panels in each direction and in which the 
sizes of the panels are approximately the same. For structures having a width of one or 
two panels, and also for slabs having panels of markedly different sizes, an analysis should 
be made of the moments developed in both slab and columns and the values given herein 
modified accordingly. 

(m) Oblong Panels —The requirements of design herein given for flat-slab floors do not 
apply for oblong panels where the long side is more than four-thirds of the short side. 

(n) Bending Moments in Columns.—Provision shall be made in both wall columns and 
interior columns for the bending moment which will be developed by unequally loaded 
panels, eccentric loading, or uneven spacing of columns. The amount of moment to be 
taken by a column will depend on the relative stiffness of columns and slab, and computa- 
tions may be made by rational methods such as the principle of least work or of slope and 
deflection. Generally the largest part of the unequalized negative moment will be trans- 
mitted to the columns and the columns shall be designed to resist this bending moment. 
Especial attention shall be given to wall columns and corner columns. Column capitals 
shall be designed, and reinforced where necessary, with these conditions in mind. 

The resistance of any wall column to bending in a direction perpendicular to the wall 
shall be not less than 0.04 wli(lz2 — gc)? in which lz is the panel dimension perpendicular to 
the wall. The moment in such wall column may be reduced by the balancing moment 
of the weight of the structure which projects beyond the center line of the supporting 
wall column. 

Where the column extends through the story above, the resisting moment shall be 
divided between the upper and the lower columns in proportion to their stiffness. Calcu- 
lated combined stresses due to bending and direct load shall not exceed by more than 50 
per cent the stresses allowed for direct load. 

13. Columns—General.—Reinforced-concrete columns, for the working stresses here- 
inafter specified, shall have a gross width or diameter not less than one-fifteenth of the 
unsupported height nor less than twelve (12) in. All vertical reinforcement shall be 
secured against lateral displacement by steel ties not less than 14 in. in diameter, placed 
not farther apart than 15 diameters of the vertical rods or more than 12 in. 

For columns supporting flat-slab floors or roofs, the diameter shall be not less than 
one-thirteenth of the distance between columns. 

The length of columns shall be taken as the maximum unstayed length. 

14. Columns with Longitudinal Reinforcement.—For columns having not less than 
0.5 per cent nor more than 4 per cent of vertical reinforcement, the allowable working unit 
stress for the net section of the concrete shall be 25 per cent of the compressive strength 
specified in Section 6, and the working unit stress for the steel shall be based upon the 
ratio of the moduli of elasticity of the concrete and steel. Concrete to a depth of 146 in. 
shall be considered as protective covering and not a part of the net section. : 

15. Columns with Longitudinal and Lateral Reinforcement.—Columns, having not less 
than 1 per cent nor more than 4 per cent of vertical reinforcement and not less than 0.5 per 
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cent nor more than 2 per cent of lateral reinforcement in the form of hoops or spirals spaced 
not farther apart than one-sixth of the outside diameter of the hoops or spirals nor more 
than 3 in. shall have an allowable working unit stress for the concrete within the outside 
diameter of the hoops or spirals equal to 25 per cent of the compressive strength of the 
concrete, as given in Section 6, and a working unit stress on the vertical reinforcement equal 
to the working value of the concrete multiplied by the ratio of the specified moduli of 
elasticity of the steel and concrete, and a working load for the hoops or spirals determined 
by considering the steel in hoops or spirals as four times as effective as longitudinal rein- 
forcing steel of equal volume. The percentage of lateral reinforcement shall be taken as 
the volume of the hoops or spirals divided by the volume of the enclosed concrete in a unit 
length of column. The hoops or spirals shall be rigidly secured at each intersection to at 
least four (4) verticals to insure uniform spacing. The percentage of longitudinal reinforce- 
ment used shall be not less than the percentage of the lateral reinforcement. Spirals shall 
be manufactured of steel having a yield point of not less than 50,000 lb. per square inch. 
16. For steel célumns filled with concrete and encased in a shell of concrete at least 
3 in. thick, where the steel is calculated to carry the entire load, the allowable stress per 


square inch shall be determined by the following formula: 18,000 — 70%, but shall not 


exceed 16,000 lb.—where ZL = unsupported length in inches and R = least radius of 
gyration of steel section in inches. The concrete shell shall be reinforced with wire mesh or 
hoop weighing at least 0.2 lb. per square foot of surface of shell. 

When the details of the structural steel are such as to fully enclose or encase the concrete, 
or where a spiral of not less than one-half of 1 per cent of the core area, and with a pitch of 
not more than 3 in., is provided for this purpose, the concrete inside the column core 
or spiral may be loaded to not more than 25 per cent of the ultimate strength specified in 
Section 6, in addition to the load on the steel column figured as above. 

Composite columns having a cast iron core or center surrounded by concrete which is 
enclosed in a-spiral of not less than one-half of 1 per cent of the core area, and with a pitch 
of not more than 3 in. may be figured for a stress of 12,000 — 60L/R, but not over 10,000 
lb. per square inch on the cast iron section and of not more than 25 per cent of the com- 
pressive strength specified in Section 6 on the concrete within the spiral or core. The 
diameter of the cast iron core shall not exceed one-half of the diameter of the spiral. 

17. Footings—General._Symmetrical, concentric column footings shall be designed for 
- punching shear, diagonal tension, and bending moment. 

18. Punching Shear in Footings.—Punching shear shall be figured in accordance with 
Section 10. 

19. Diagonal Tension in Footings.—Shearing stresses shall be figured in accordance 
with Section 10. : 

20. Bending Moment in Footings.—The bending moment in isolated column footings 
at a section taken at edge of pier or column shall be determined by multiplying the load on ~ 
the quarter footing (after deducting the quarter pier or column area) by six-tenths of the 
distance from the edge of pier or column to the edge of footing. The effective area of 
concrete and steel to resist bending moment shall be considered as that within a width 
extending both sides of pier or column, a distance equal to depth of footing plus one-half 
the remaining distance to edge of footing, except that reinforcing steel crossing the section 
other than at right angles, shall be considered to have an effective area determined by 
multiplying the section area by the line of the angle between the bar and the plane of 
section. 

21. Bond Stresses in Footings.—In designing footings, careful consideration must be 
given to the bond stresses which will occur between the reinforcing steel and the concrete. 

22. Walls—General.— Walls shall be reinforced by steel rods running horizontally and 
vertically. Walls having an unsupported height not exceeding fifteen times the thickness 
may be figured the same as columns. Walls having an unsupported height not more than 
twenty-five times the thickness may be figured to carry safely a working stress of 1216 per 
cent of the compressive strength specified in Section 6. 

23. Exterior Walls.—Exterior walls shall be designed to withstand wind loads or loads 
from backfill. The thickness of wall shall in no case be less than 4 in. 

: 24. Protection.—The reinforcement in columns and girders shall be protected by 
minimum thickness of 2 in. of concrete; in beams and walls by a minimum of 116 in. 
in floor slabs by a minimum of 34 in.; in footings by a minimum of 8 in. 
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NEW YORK BUILDING CODE REQUIREMENTS 


Working Stresses.—Reinforced concrete structures shall be so designated that the 
stresses in pounds per square inch shall not exceed the following: 


Extreme fibre stress on concrete in compression.................. 650 
Coneretanin direct: compressions...) os..2 ue ae sk eo ccmees ce. eles 500 
Shearing stress in concrete when all diagonal tension is resisted by 

OSE Se Bice eno curity sna ce Om oe ere ee eaee er 150 
Shearing stress in concrete when diagonal tension is not resisted by 

BEGG ee MERIC te Ae PRR iy en eat AE a mn 40 
Bond stress between concrete and plain reinforcement............. 80 
Bond stress between concrete and approved deformed bars.......... 100 
Wensile'stress inysteel reinforcements... «0... shes cove es sks ds nes 16,000 
Tensile stress in cold drawn steel wire or fabric, 35 per cent of the 

elastic limit but not more than............... te a aR ons 20,000 


In continuous beams the extreme fiber stress on concrete in compression may be in- 
creased 15 per cent, adjacent to supports. 

The ratio of the moduli of elasticity of 1 : 2 : 4 stone or gravel concrete and steel shall be 
taken as one to fifteen. The ratio of the moduli of elasticity of 1 : 144 :3 stone or gravel 
concrete and steel shall be taken as one to twelve. 

Slabs and Beams. (a) Thickness——Slabs shall not be less than 4 in. in thickness for 
floors and 314 in. for roofs. 

(6) Tee-Beams.—Where adequate bond between slab and web of beam is provided, the 
slab may be considered as an integral part of the beam provided its effective width shall 
not exceed on either side of the beam one-sixth of the span length of the beam nor be 
greater than six times the thickness of the slab on either side of the- beam, the measure- 
ments being taken from edge of web. 

(c) Placing of Reinforcement.—All reinforcement shall be accurately located and secured 
against displacement. The reinforcement for slabs shall not be spaced farther apart than 
two and one-half times the thickness of the slab. 

(d) Web Reinforcement——Members of web reinforcement shall be so designed as ade- 
quately to take up throughout their length all stresses not taken up by the concrete. They 
shall not be spaced to exceed three-fourths of the depth of the beam in that portion where 
the web stresses exceed the allowable value of concrete in shear. Web reinforcement, 
unless rigidly attached, shall be placed at right angles to the axis of the beam and carried 
around the tension members. 

Use of Fillers in Floor Construction.—When hollow tile, concrete blocks or other 
acceptable fillers are used in any reinforced concrete floor construction, the reinforced con- 
erete members of such floor construction shall be designed in accordance with the provisions 
of this article to take the entire loads, provided, however, that when the fillers do not exceed 
60 per cent of the construction, not more than 21% in. of concrete shall be required over 
the fillers. 

Columns. (a) With Longitudinal Reinforcements Only.—In concrete columns, having 
not less than one-half nor more than 4 per cent of vertical reinforcement secured against 
displacement by 4-in. steel ties placed not farther apart than 15 diameters of the verti- 
cal rods nor more than 12 in., the allowable load shall be 500 lb. per square inch on the 
concrete, plus 7,500 lb. on the vertical reinforcement. : 

(b) With Longitudinal and Lateral Reinforcement.—In concrete columns, having not less 
than one-half nor more than 2 per cent of hoops or spirals spaced not farther apart than 
one-sixth of the diameter of the enclosed column nor more than 3 in., and having not less 
than 1 nor more than 4 per cent of vertical reinforcement, the allowable load shall be 500 
lb. per square inch on the effective area of the concrete, plus 7,500 lb. per square inch on 
the vertical reinforcement, plus a load per square inch on the effective area of the concrete 
equal to two times the percentage of lateral reinforcement multiplied by the tensile stress in 
the lateral reinforcement prescribed under “Working Stresses, ” the percentage of lateral 
reinforcement being the volume of the hoops or spirals divided by the volume of the en- 
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closed concrete in a unit length of column. The hoops or spirals shall be rigidly secured 
to at least four verticals to insure uniform spacing. 

(c) Structural Steel and_Concrete.—In columns of structural steel, thoroughly encased in 
concrete not less than 4 in. thick and reinforced with not less than 1 per cent of steel, the 
allowable load shall be 16,000 lb. per square inch on the structural steel, the percentage of 
reinforcement being the volume of the reinforcing steel divided by the volume of the con- 
crete enclosed by the reinforcing steel. Not more than one-half of the reinforcing steel 
shall be placed vertically. The reinforcing steel shall not be placed nearer than 1 in. to 
the structural steel or to the outer surface of the concrete. The ratio’of length to least radius 
of gyration of structural steel section shall not exceed one hundred and twenty. 

(d) When Richer Concrete is Used.—In concrete columns the compression on the concrete 
may be increased 20 per cent when the fine and coarse aggregates are carefully selected 
and the proportion of cement to total aggregate is increased to one part of cement to not 
more than four and one-half parts of aggregate, fine and coarse, either in the proportion 
of one part of cement, one and one-half parts of fine aggregate and three parts of coarse 
aggregate, or in such proportion as will secure the maximum density. In such cases, 
however, the compressive stress in the vertical steel shall not exceed 7,200 lb. per square 
inch. 

(e) Eccentric Loads—Bending stresses due to eccentric loads shall be provided for by 
increasing the section of concrete or steel until the maximum stress shall not exceed the 
allowable working stress. 

(f) Length.—In columns, the ratio of length to least side or diameter shall not exceed 
fifteen, but in no case shall the least side or diameter be less than 12 in. 

Walls.—Enclosure walls of reinforced concrete shall be securely anchored at all floors. 
The thickness shall not be less than one-twenty-fifth of the unsupported height, but in no 
case less than 8 in. The steel reinforcement, running both horizontally and vertically, 
shall be placed near both faces of the wall; the total weight of such reinforcement shall be 
not less than 4 lb. per square foot of wall. 

Protection of Reinforcement.—The reinforcement in columns and girders shall be 
protected by a minimum of 2 in. of concrete; in beams and walls by a minimum of 114 in.; 
in floor slabs by a minimum of 1 in.; and in footings by a minimum of 4 in. of concrete. 


Flat Slabs* 


Application.—The rules governing the design of reinforced concrete flat slabs shall apply 
to such floors and roofs, consisting of three or more rows of slabs, without beams or girders, 
supported on columns, the construction being continuous over the columns and forming 
with them a monolithic structure. 

Compliance with Building Code.—In the design of reinforced concrete flat slabs, the 
provisions of the preceding articles of the building code shall govern with respect to such 
matters as are specified therein. 

Assumptions.—In calculations for the strength of reinforced concrete flat slabs, the 
following assumptions shall be made: 

(a) A plane section before bending remains plane after bending. 

(b) The modulus of elasticity of concrete in compression within the allowable working 
stresses is constant. 

(c) The adhesion between concrete and reinforcement is perfect. 

(d) The tensile strength of concrete is nil. 

(e) Initial stress in the reinforcement due to contraction or expansion in the concrete is 
negligible. 

Stresses.—(a) The allowable unit shear in reinforced concrete flat slabs on the bd 
section around the perimeter of the column capital shall not exceed 120 lb. per square inch; 
and the allowable unit shearing stress on the bjd section around the perimeter of the drop 
shall not exceed (60) lb. per square inch, provided that the reinforcement is so arranged or 
anchored that the stress may be fully developed for both positive and negative moments. 

The extreme fibre stresses to be used in concrete in compression at the column head 
section shall not exceed 750 lb. per square inch. 

Columns.—For columns supporting reinforced concrete flat slabs, the least dimension of 
any column shall be not less than one-fifteenth of the average span of any slabs supported 
by the columns; but in no case shall such least dimension of any interior column supporting 
a floor or roof be less than 16 in. when round, nor 14 in. when square; nor shall the least 
dimension of any exterior column be less than 14 in. 

Column Capital—Every reinforced concrete column supporting a flat slab shall be 
provided with a capital whose diameter is not less than 0.225 of the average span of any 
slabs supported by it. Such diameter shall be measured where the vertical thickness of the 
capital is at least 114 in., and shall be the diameter of the inscribed circle in that horizontal 

* Adopted July 8, 1920. 
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plane. The slope of the capital considered effective below the point where its diameter is 
measured shall nowhere make an angle with vertical of more than 45°. Incase a cap of less 
dimensions than hereinafter described as a drop, is placed above the column capital, the 
part of this cap enclosed within the lines of the column capital extended upwards to the 
bottom of the slab or drop at the slope of 45° may be considered as part of the column 
capital in determining the diameter for design purposes. 

Drop.—When a reinforced concrete flat slab is thicker in that portion adjacent to or 
surrounding the column, the thickened portion shall be known as a drop. The width of 
such drop when used, shall be determined by the shearing stress in the slab around the 
perimeter of the drop, but in no case shall the width be less than 0.33 of the average span of 
any slabs of which it forms a part. In computing the thickness of drop required by the 
negative moment on the column head section, the width of the drop only shall be considered 
as effective in resisting the compressive stress, but in no-case shall the thickness of such 
drops be less than 0.33 of the thickness of the slab. Where drops are used over interior 
columns, corresponding drops shall be employed over exterior columns and shall extend to 
the one-sixth point of panel from the center of the column. 

Slab Thickness.—The thickness of a reinforced concrete fiut slab shall be not less than 


that derived by the formulae ¢ = 0.024L~/w +1 for slabs without drops, andt = 0.02 


LV w + 1 for slabs with drops, in which ¢ is the thickness of the slab in inches, L is the 
average span of the slab in feet, and w is the total live- and dead-load in pounds per square 
foot; but in no case shall this thickness be less than one-thirty-second of the average span 
of the slab for floors, nor less than one-fortieth of the average span of the slab for roofs, nor 
less than 6 in. for floors nor less than 5 in. for roofs. 

Reinforcement.—(a) In the calculation of moments at any section, all the reinforcing 
bars which cross that section may be used, provided that such bars extend far enough 
on each side of such section to develop the full amount of the stress at that section. The 
effective area of the reinforcement at any moment section shall be the sectional area of the 
bars crossing such section multiplied by the sine of the angle of such bars with the plane of 
the section. The distribution of the reinforcement of the several bands shall be arranged to 
fully provide for the intermediate moments at any section. 

(6b) Splices in bars may be made wherever convenient but preferably at points of mini- 
mum stress. The length of any splice shall be not less than 80 bar diameters and in no case 
less than 2 ft. The splicing of adjacent bars shall be avoided as far as possible. Slab bars 
which are lapped over the column, the sectional area of both being included in the calcula- 
tion for negative moment, shall extend to the lines of inflection beyond the column center. 

(c) When the reinforcement is arranged in bands, at least 50 per cent of the bars in any 
band shall be of a length not less than the distance center to center of columns measured 
rectangularly and diagonally; no bars used as positive reinforcement shall be of a length less 
than half the panel length plus 40 bar diameters for cross bands, or less than seven-tenths 
of the panel length plus 40 bar diameters for diagonal bands and no bars used as negative 
reinforcement shall be of a length less than half the panel length. All reinforcement 
framing perpendicular to the wall in exterior panels shall extend to the outer edge of the 
panel and shall be hooked or otherwise anchored. 

(d) Adequate means shall be provided for properly maintaining all slab reinforcement iu 
the position assumed by the computations. 

Line of Infiection.—In the design of reinforced concrete flat slab construction, for the 
purpose of making calculations of the bending moments at sections other than defined in 
these rules, the line of inflection shall be considered as being located one-quarter the 
distance, center to center, of columns, rectangularly and diagonally, from center of columns 
for panels without drops, and three-tenths of such distance for panels with drops. 

Moment Sections.—For the purpose of design of reinforced concrete flat slabs, that 
portion of the section across a panel, along a line midway between columns, which lies 
within the middle two quarters of the width of the panel shall be known as the inner section, 
and those portions of the section in the two outer quarters of the width of the panel shall be 
known as the outer sections. Of the section which follows a panel edge from column to 
column and which includes the quarter perimeters of the edges of the column capitals, that 
portion within the middle two quarters of the panel width shall be known as the mid section 
and the two remaining portions, each having a projected width equal to one-quarter of the 
panel width shall be known as the column head sections. ; 

Bending Moments.—In the design of reinforced concrete flat slabs the following provi- 
sions with respect to bending moments shall be observed. In the moment expressions 
used : . . . . . 

W is the total dead- and live-load on the panel under consideration, including the weight 
of drop whether a square, rectangle or parallelogram. 

W, is the total live-load on the panel under consideration. 

L is the length of side of a square panel center to center of columns; or the average span 
of a rectangular panel which is the mean length of the two sides, 
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n is the ratio of the greater to the less dimension of the panel. 

h is the unsupported length of a column in inches, measured from top of slab to base of 
capital. 

1 is the moment of inertia of the reinforced concrete column section. 

A. Interior Square Panels.—The numerical sum of the positive and negative moments 
shall be not less than 47 WL. A variation of plus or minus 5 per cent shall be permitted 
in the expression for the moment on any section, but in no case shall the sum of the negative 
moments be less than 66 per cent of the total moment, nor the sum of the positive moments 
be less than 34 per cent of the total moment for slabs with drops; nor shall the sum of the 
negative moments be less than 60 per cent of the total moment, nor the sum of the positive 
moments be less than 40 per cent of the total moment for slabs without drops. 

In two-way systems, for slabs with drops, the negative moment resisted on two column 
head sections shall be —142WL; the negative moment on the mid section shall be — 33 
WL; the positive moment on the two outer sections shall be + }9WL and the positive 
moment on the inner section shall be + 433WL; and for slabs without drops, the negative 
moment resisted on two column head sections shall be —-4gWL, the negative moment on 
the mid section shall be —{ 33 WL, the positive moment on the two outer sections shall 
be + 463WL and the positive moment on the inner section shall be + 4 33WL. 

In four-way systems, the negative moments shall be as specified for two-way systems; 
the positive moment on the two outer sections shall be + 4499WL, and the positive 
moment on the inner section shall be + %o9WZ for slab with drops; and the positive 
moment on the two outer sections shall be + 144WL, and the positive moment on the 
inner section shall be + {99WL, for slabs without drops. 

In three-way systems, the negative moment on the column head and mid sections and 
the positive moment on the two outer sections, shall be as specified for four-way systems. 
In the expression for the bending moments on the various sections, the length Z shall be 
assumed as the distance center to center of columns, and the load W as the load on the 
panel parallelogram. 

B. Interior Rectangular Panels.—When the ratio m does not exceed 1.1, all computa- 
tions shall be based on a square panel of a length equal to the average span, and the rein- 
forcement shall be equally distributed in the short and long directions according to the 
bending moment coefficients specified for interior square panels. 

When the ratio n lies between 1.1 and 1.33, the bending moment coefficients specified 
for interior square panels shall be applied in the following manner: 

(a) In two-way systems, the negative moments on the two column head sections and the 

_mid section and the positive moment on the two outer sections and the inner section at right 
angles to the long direction shall be determined as for a square panel of a length equal to the 
greater dimension of the rectangular panel; and the corresponding moments on the sections 
at right angles to the short direction shall be determined as for a square panel of a length 
equal to the lesser dimension of the rectangular panel. In no case shall the amount of 
reinforcement in the short direction be less than two-thirds of that in the long direction. 
The load W shall be taken as the load on the rectangular panel under consideration. 

(b) In four-way systems, for the rectangular bands, the negative moment on the column 
head sections and the positive moment on-the outer sections shall be determined in the same 
manner as indicated for the two-way systems. 

For the diagonal bands, the negative moments on the column head and mid sections and 
the positive moment on the inner section shall be determined as for asquare panel of a length 
equal to the average span of the rectangle. The load W shall be taken as the load on the 
rectangular panel under consideration. 

(c) In three-way systems, the negative and positive moments on the bands running 
parallel to the long direction shall be determined as for a square whose side is equal to 
the greater dimension; and the moments on the bands running parallel to the short direc- 
tion shall be determined as for a square whose side is equal to the lesser dimension. The 
load W shall be taken as the load on the parallelogram panel under consideration. 

C. Exterior Panels——The negative moments at the first interior row of columns and 
the positive moments at the center of the exterior panels on moment sections parallel to 
the wall, shall be increased 20 per cent over those specified above for interior panels. 
The negative moment on moment sections at the wall and parallel thereto shall be deter- 
mined by the conditions of restraint, but the negative moment on the mid section shall 
never be considered less than 50 per cent and the negative moment on the column head 
section never less than 80 per cent of the corresponding moments at the first interior row of 
columns. 

D. Interior columns shall be designed for the bending moments developed by un- 
equally loaded panels, eccentric loading or uneven spacing of columns. The bending 
moment resulting from unequally loaded panels shall be considered as 1440W.L, and shall 
be resisted by the columns immediately above and below the floor line under consideration 
in direct proportion to the values of their ratios of I/h. 

E. Wall columns shall be designed to resist bending in the same manner as interior 
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columns, except that W shall be substituted for W1 in the formula for the moment. The 
moment so computed may be reduced by the counter moment of the weight of the structure 
which projects beyond the center line of the wall columns. 

F. Roof columns shall be designed to resist the total moment resulting from unequally 
loaded panels, as expressed by the formulae in paragraphs (D) and (£) of this rule. 

Walls and Openings.—In the design and construction of reinforced concrete flat slabs, 
additional slab thickness, girders or beams shall be provided to carry any walls or concen- 
trated loads in addition to the specified uniform live- and dead-loads. Such girders or 
beams shall be assumed to carry 20 per cent of the total live and dead panel load in addition 
to the wall load. Beams shall also be provided in case openings in the floor reduce the 
working strength of the slab below the prescribed carrying capacity. 

Special Panels.—For structures having a width of less than three rows of slabs, or in 
which exterior drops, capitals or columns are omitted, or in which irregular or special 
panels are used, and for which the rules relating to the design of reinforced flat slabs do 
not directly apply, the computations in the analysis of the design of such panels, shall, 
when so required, be filed with the superintendent of buildings. 
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CHICAGO BUILDING CODE REQUIREMENTS 


Ratio of Moduli of Elasticity—Adhesion—Bond. (a) The calculations for the strength 
of reinforced concrete shall be based on the assumed ultimate compressive strength per 
square inch designated by the letter ‘‘U” given in the table below for the mixture to be 
used. 

(b) The ratio designated by the letter ‘‘R” of the modulus of elasticity of steel to that 
of the different grades of concrete shall be taken in accordance with the following table: 


Mixture U R 
1 cement, 1 sand, 2 broken stone, gravel or slag........ 2,900 10 
1 cement, 14% sand, 3 broken stone, gravel or slag...... 2,400 12 
1 cement, 2 sand, 4 broken stone, gravel or slag........ 2,000 as) 
1 cement, 214 sand, 5 broken stone, gravel or slag...... 1,750 18 
1 cement, 3 sand, 7 broken stone, gravel or slag.......- 1,500 20 


Unit Stresses for Steel and Concrete. (a) The stresses in the concrete and the steel 
shall not exceed the following limits: 

(b) Tensile stress in steel shall not exceed one-third of its elastic limits and shall not 
exceed 18,000 lb. per square inch. : : 

(c) Shearing stress in steel shall not exceed 12,000 lb. per square inch. 

(d) The compressive stress in steel shall not exceed the product of the compressive 
stress in the concrete multiplied by the elastic modulus of the steel and divided by the 
elastic modulus of the concrete. 

(e) Direct compression in concrete shall be one-fifth of its ultimate strength. Bending 
in extreme fiber of concrete shall be thirty-five one-hundredths of the ultimate strength. 

(f) Tension in concrete on diagonal plane shall be one-fiftieth of the ultimate compres- 
sive strength. 

(g) For a concrete composed of one part of cement, two parts of sand and four parts of 
broken stone, the allowable unit stress for adhesion per square inch of surface of imbedment 
shall not exceed the following: 


Pounds per 


sq. in 
On plain round or square bars of structural steel.................55- 70 
On plain round or square bars of high carbon steel..................- 50 
On plain flat bars in which the ratio of the sides is not more than 2 tol.. 50 
On twisted bars when the twisting is not less than one complete twist in 

Sra tare Corey, reas phn he a oe we a ee 100 


(h) For specially formed bars, the allowable unit stress for bond shall not exceed one- 
fourth of the ultimate bond strength of such bars without appreciable slip which shall 
be determined by tests made by the person, firm or corporation to the satisfaction of the 
Commissioner of Buildings, but provided that in no case shall such allowable unit stress 
exceed 100 lb. per square inch of the specially formed bars. 

Design for Slabs, Beams and Girders.—Reinforced concrete slabs, beams and girders 
shall be designed in accordance with the following assumptions and requirements. 

(a) The common theory of flexure shall be applied to beams and members resisting 
bending. 

(b) The adhesion between the concrete and the steel shall be sufficient to make the two 
materials act together. 

(c) The steel to take all the direct tensile stresses. 

(d) The stress strain curve of concrete in compression is a straight line. 

(e) The ratio of the moduli of elasticity of concrete to steel shall be as specified in the 
table in preceding article. 

Moments of External Forces. (a) Beams, girders, floor or roof slabs and joists shall be 
calculated as supported, or with fixed ends, or with partly fixed ends, in accordance with the 
actual end conditions, the number of spans and the design. 

(6) When calculated for ends partly fixed for intermediate spans with an equally distri- 
buted load where the adjacent spans are of approximately equal lengths: 
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nee une moment at center of spans shall not be less than that expressed in the formula 
2 
or for intermediate spans and ue for end spans. 


(c) The moment over supports shall not be less than the formula we and the sum of 


the feoHione over one support and at the center of span shall be taken not less than the 
2 
formula 


In the formula hereinabove given ‘‘W”’ is the load per lineal foot and ‘‘L” the length 
of span in feet. 


(d) In case of concentrated or special loads the calculations shall be based on the critical 
condition of loading. 

(e) For fully supported slabs, the free opening plus the depth, for continuous slabs, the 
distance between centers of supports, is to be taken as the span. 

(f) Where the vertical shear, measured on the section of a beam or girder between the 
centers of action of the horizontal stresses, exceeds one-fiftieth of the ultimate direct 
compressive stress per square inch, web reinforcement shall be supplied sufficient to carry 
the excess. The web reinforcement shall extend from top to bottom of beam, and loop or 
connect to the horizontal reinforcement. The horizontal reinforcement carrying the direct 
stresses shall not be considered as web reinforcement. 

(g) In no ease, however, shall the vertical shear, measured as stated above, exceed one- 
fifteenth of the ultimate compression strength of the concrete. 

(h) For T-beams the width of the stem only shall be used in calculating the above shear. 

(7) When steel is used in the compression side of beams and girders, the rods shall be tied 
in accordance with requirements of vertical reinforced columns with stirrups connecting 
with the tension rods of the beams or girders. 

(j) All reinforcing steel shall be accurately located in the forms and secured against 
displacement; and inspected by the representative of the architect or engineer in charge 
before any surrounding concrete be put in place. It shall be afterwards completely in- 
closed by the concrete, and such steel shall nowhere be nearer the surface of the concrete 
than 114 inches for columns, 114 inches for beams and girders, and 14 inch, but not less 
than the diameter of the bar, for slabs. 

(k) The longitudinal steel in beams and girders shall be so disposed that there shall be a 
a thickness of concrete between the separate pieces of steel of not less than one and one-half 
times the maximum sectional dimension of the steel. 

(1) For square slabs with two-way reinforcements the bending moment at the center of 


3 WL? 
the slab shall be not less than that expressed in the formula OA 
WL? 

30" for end spans. 


WL? 
(m) The moment over supports shall not be less than the formula 36) and the sum of 


the moments over one support and at the center of the span shall be taken not less than the 


for intermediate spans, and 


In which above formula ‘‘ W”’ is the load per lineal foot and ‘‘L”’ the length of the span. 

(n) For square or rectangular slabs, the distribution of the loads in the two directions, 
shall be inversely as the cubes of the two dimensions. 

(0) Exposed metal of any kind will not be considered a factor in the strength of any part 
of any concrete structure, and the plaster finish applied over the metal shall not be deemed 
sufficient protection unless applied of sufficient thickness and so secured as to meet the 
approval of the Commissioner of Buildings. ' 

(p) Shrinkage and thermal stresses shall be provided for by introduction of steel. 

Limiting Width of Flange in “‘T’? Beams.—(a) In the calculation of ribs, a portion of 
the floor slab may be assumed as acting in flexure in combination with the rib. The width 
of the slab so acting in flexure is to be governed by the shearing resistance between rib and 
slab, but limited to a width equal to one-third of the span length of the ribs between sup- 
ports and also limited to a width of three-quarters of the distance from center to center 
between ribs. d p ; 

(6) No part of the slab shall be considered as a portion of the rib, unless the slab and 
rib are cast at the same time. ; 

(c) Where reinforced concrete girders support reinforced concrete beams, the portion of 
floor slab acting as flange to the girder must be reinforced with rods near the top, at right 
angles to the girder, to enable it to transmit local loads directly to the girder and not through 
Merete Concrete Columns—Limit of Length—Per cent of Reinforcement—Bending 
Moment in Columns—Tying Vertical Rods.—(a) Reinforced concrete may be used for 
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columns in which the concrete shall not be leaner than a 1: 2:4 mixture and in which the 
ratio of length to least side or diameter does not exceed twelve, but in no case shall the 
cross section of the column be less than 64 sq. in. Longitudinal reinforcing rods 
must be tied together to effectively resist outward flexure at intervals of not more than 
twelve times least diameter of rod and not more than 18 in. When compression 
rods are not required, reinforcing rods shall be used, equivalent to not less than one-half of 
1 per cent (0.005) of the cross sectional area of the column; provided, however, that the 
total sectional area of the reinforcing steel shall not be less than 1 sq. in., and that 
no rod or bar be of smaller diameter or least dimensions than }4-in. The area of rein- 
forcing compression rods shall be limited to 3 per cent of cross sectional area of the 
column. Vertical reinforcing rods shall extend upward or downward into the column, 
above or below, lapping the reinforcement above or below enough to develop the stress in 
rod by the allowable unit for adhesion. When beams or girders are made monolithic with 
or rigidly attached to reinforced concrete columns, the latter shall be designed to resist a 
bending moment equal to the greatest possible unbalanced moment in the beams or girders 
at the columns, in addition to the direct loads for which the columns are designed. 

(b) When the reinforcement consists of vertical bars and spiral hooping, the concrete may 
be stregsed to one-fourth of its ultimate strength as given on page 270, provided, that the 
amount of vertical reinforcement be not less than the amount of the spiral reinforcement, 
nor greater than 8 per cent of the area within the hooping; that the percentage of spiral 
hooping be not less than one-half of 1 per cent nor greater than 1.5 per cent; that the 
pitch of the spiral hooping be uniform and not greater than one-tenth of the diameter 
of the column, nor greater than 3 in.; that the spiral be secured to the verticals at every 
intersection in such a manner as to insure the maintaining of its form and position, that 
the verticals be spaced so that their distance apart, measured on the circumference be 
not greater than 9 in., nor one-eighth the circumference of the column within the 
hooping. In such columns, the action of the hooping may be assumed to increase the 
resistance of the concrete equivalent to two and one-half times the amount of the spiral 
hooping figured as vertical reinforcement. No part of the concrete outside of the hooping 
shall be considered as a part of the effective column section. 

Structural Steel Columns.—When the vertical reinforcement consists of a structural 
steel column of box shape, with lattice or batten plates of such a form as to permit its being 
filled with concrete, the concrete may be stressed to one-fourth of its ultimate strength as 
given in table on page 270, provided that no shape of less than 1 sq. in. section be 
used and that the spacing of the lacing or battens be not greater than the least width of the 
columns. 3 

Curtain Walls in Skeleton Construction Buildings.—Buildings having a complete 
skeleton construction of steel or of reinforced concrete construction, or a combination of 
both, may have exterior walls of reinforced concrete 8 in. thick; provided, however, 
that such walls shall support only their own weight and that such walls shall have steel 
reinforcement of not less than three-tenths of 1 per cent in each direction, vertically and 
horizontally, the rods spaced not more than 12-in. centers and wired to each other at 
each intersection. All bars shall be lapped for a length sufficient to develop their full 
stress for the allowable unit stress for adhesion. Additional bars shall be set around open- 
ings, the verticals wired to the nearest horizontal bars, and the horizontal bars at top and 
bottom of openings shall be wired to the nearest vertical bars. The steel rods shall be 
combined with the concrete and placed where the combination will develop the greatest 
strength, and the rods shall be staggered or placed and secured so as to resist a pressure of 
30 lb. per square foot, either from the exterior or from the interior on each and every 
square foot of each wall panel. 


Flat Slabs* 


1. Definitions.—Flat slabs as understood by this ruling are reinforced concrete slabs, 
supported directly on reinforced columns with or without plates or capitals at the top, the 
whole construction being hingeless and monolithic without any visible beams or girders. 
The construction may be such as to admit the use of hollow panels in the ceiling or smooth 
ceiling with depressed panels in the floor. 

2. The column capital shall be defined as the gradua: flaring out of the top of the column 
without any marked offset. ; : 

8. The drop panel shall be defined as a square or rectangular depression around the 
column capital extending below the slab adjacent to it. 

4. The panel length shall be defined as the distance c. to c. of columns of the side of a 
square panel, or the average distance c. to c. of columns of the long and short sides of a 
rectangular panel. 

5. Columns.—The least dimension of any concrete column shall be not less than one- 
twelfth the panel length, nor one-twelfth the clear height of the column. 

* Went into effect Mar. 1, 1918. 
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6. Slab Thickness.—The minimum total thickness of the slab in inches shall be deter- 


er 
mined by ee t = W"/44(= Square root of W divided by 44), where ¢ = total 
thickness of slab in inches, W = total live-load and dead-load in pounds on the panel, 
measured c. to c. of columns. 

7. In no case shall the thickness be less than 469 of the panel length (L/32) for floors, 
nor 449 of the panel length (L/40) for roofs (L being the distance ec. to c. of columns). 

8. In no case shall the thickness of slab be less than 6 in. for floors or roofs. 

9. Column Capital——When used the diameter of the column capital shall be measured 
where its vertical thickness is at least 119 in. and shall be at least 0.225 of the panel length. 

The slope of the column capital shall nowhere make an angle with the vertical of more 
than 45 deg. Special attention shall be given to the design of the column capital in con- 
sidering eccentric loads, and the effect of wind upon the structure. 

10. Drop Panel.—When used, the drop panel shall be square or circular for square 
panels and rectangular or elliptical for oblong panels. 

11. The length of the drop shall not be less than one-third of the panel length (Z/3) 
if square, and not less than one-third of the long or short side of the panel respectively, if 
rectangular. 

12. The depth of the drop panel shall be determined by computing it as a beam; using 
the negative moment over the column capital specified elsewhere in this ruling. 

13. In no case, however, shall the dimensions of the drop panel be less than required for 
punching shear along its perimeter, using the allowable unit shearing stresses specified below. 

14. Shearing Stresses.—The allowable unit punching shear on the perimeter of the 
column capital shall be 349 of the ultimate compressive strength of the concrete as given 
on page 270. The allowable unit shear on the perimeter of the drop panel shall be 0.03 
of the ultimate compressive strength of the concrete. In computing shearing stress for 
the purpose of determining the resistance to diagonal tension the method specified by the 
ordinance shall be used. 

15. Panel Strips——For the purpose of establishing the bending moments and the 
resisting moments of a square panel, the panel shall be divided into strips known as strip 
A and strip B. Strip A shall include the reinforcement and slab in a width extending from 
the center line of the columns for a distance each side of this center line equal to one- 
quarter of the panel length. Strip B shall include the reinforcement and slab in the half 
width remaining in the center of the panel. At right angles to thest strips, the panel shall 
be divided into similar strips A and B, having the same widths and relations to the center 
line of the columns as the above strips. These strips shall be for designing purposes only, 
and are not intended as the boundary lines of any bands of steel used. 

16. These strips shall apply to the system of reinforcement in which the reinforcing bars 
are placed parallel and at right angles to the center line of the columns, hereinafter known 
as the two-way system, and also to the system of reinforcement in which the reinforcing 
bars are placed parallel, at right angles to and diagonal to the center line of the columns 
hereinafter known as the four-way system. 

17. Any other system of reinforcement in which the reinforcing bars are placed in cir- 
cular, concentric rings and radial bars, or systems with steel rods arranged in any manner 
whatsoever, shall comply with the requirements of either the two-way or the four-way 
system herein specified. 

18. Bending Moment Coefficients, Interior Panel, Two-way System.—In panels where 
standard drops and column capitals are used as above specified, the negative bending 
moment, taken at a cross-section of each strip A at the edge of the column capital or over 


it, shall be taken as WL/30. 


19. The positive bending moment taken at a cross-section of each strip A midway 
between column centers shall be taken as WL/60. ; ; 

20. The positive bending moment taken at a cross-section of each strip B in the middle 
of the panel shall be taken as WL/120. 

21. The negative bending moment taken at a cross-section of each strip B on the center 
line of the columns shall be taken as WL/120. 

22. In the formulas hereinabove given W = total live- and dead-load on the whole panel 
in pounds, L = panel length, c. to c. of columns. 

23. Bending Moment Coefficients, Interior Panel, Four-way System.—In panels where 
standard drops and column capitals are used as above specified, the negative bending 
moment, taken at a cross-section of each strip A at the edge of column capital or over it, 
shall be taken as WL/30. ; ; 

24. The positive bending moment, taken at a cross-section of each strip A, midway 
between column centers, shall be taken as WL/80. 

25. The positive bending moment, taken at a cross-section of each strip B, taken in the 
middle of the panel, shall be taken as WL/120. ; 

26. The negative bending moment, taken at a cross-section of each strip B on the center 
line of the columns, shall be taken as WL/120. 
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27. Bending Moment Coefficients, Wall Panels.—Where wall panels with standard 
drops and capitals are carried by columns and girders built in walls, as in skeleton con- 
struction, the same coefficients shall be used as for an interior panel, except as follows: 
The positive bending moments on strips A and B midway between wall and first line of 
columns shall be increased 25 per cent. 

28. Where wall panels are carried on new brick walls, these shall be laid in Portland 
cement mortar and shall be stiffened with pilasters as follows: If a 16-in. wall is used, it 
shall have a 4-in. pilaster. If a 12-in. wall is used, it shall have an 8-in. pilaster. The length 
of pilasters shall be not less than the diameter of the column, nor less than one-eighth of 
the distance between pilasters. The pilasters shall be located opposite the columns as 
nearly as practicable, and shall be corbeled out 4 in. at the top, starting at the level of the 
base of the column capital. Not less than 8-in. bearing shall be provided for the slab, the 
full length of wall. 

The coefficients of bending moments required for these panels shall be the same as those 
for the interior panels except as provided herewith: The positive bending moments on 
strips A and B midway between the wall and first line of columns shall be increased 50 

er cent. 
7 29. Where wall panels are supported on old brick walls, there shall be columns with 
standard drops and capitals built against the wall, which shall be tied to the same in an 
approved manner, and at least an 8-in. bearing provided for the slab, the full length. 
Where this is impracticable, there shall be built a beam on the underside of slab adjacent to 
the wall between columns, strong enough to carry 25 per cent of the panel load. 

The coefficients of bending moments for the two cases of slab support herein described 
shall be the same as those specified in Sect. 27 and Sect. 28 for skeleton and wall bearing 
condition, respectively. 

30. Nothing specified above shall be construed as applying to a case of slabs merely 
resting on walls or ledges, without any condition of restraint. These shall be figured as in 
ordinary beam-and-girder construction specified in the ordinances. 

31. Bending Moment Coefficients, Wall and Interior Columns.—Wall columns in 
skeleton construction shall be designed to resist a bending moment of WL/60 at floors and 
WL/30 at roof. The amount ot steel required for this moment shall be independent 
of that required to carry the direct load. It shall be placed as near the surfaces 
of the column as practicable on the tension sides, and the rods shall be con- 
tinuous in crossing from one side to another. The length of rods below the base of the 
capital and above the floor line shall be sufficient to develop their strength through bond, 
but not less than 40 diameters, nor less than one-third the clear height between the floor 
line and the base of the column capital. 

32. The interior columns must be analyzed for the worst condition of unbalanced 
loading. It is the intention of this ruling to cover ordinary cases of eccentric loads on the 
columns by the requirement of Sect. 5. Where the minimum size of column therein 
specified is found insufficient, however, the effect of the resulting bending moment shall 
be properly divided between the adjoining slab and the columns above and below according 
to best principles of engineering, and the columns enlarged sufficiently to carry the load 
safely. 

33. Bending Moment Coefficients, Panels Without Drops, or Capitals, or Both.—In 
square panels where no column capital or no depressions are used, the sum total of positive 
and negative bending moments shall be equal to that computed by the following formula: 


B.M. = (WL/8)(1.53 — 4k + 4.18k3) 


where 6.M. = numerical sum of positive and negative bending moments, regardless of 
algebraic signs. 
W = total live- and dead-load on the whole panel. 
L length of side of a square panel, ec. to ec. of columns. 
k = ratio of the radius of the column or column eapital to panel length, L. 


This total bending moment shall be divided between the positive and the negative 
moments in the same proportion as in the typical square panels for two-way or four-way 
systems specified above for interior and wall panels respectively. 

34, Point of Inflection.—For the purpose of making the calculations of the bending 
moment at the sections away from the column capital, the point of inflection shall be 
considered as being one-quarter the distance c. to c. of columns, both crosswise and 
diagonally, from the center of the column. , 

35. Tensile Stress in Steel and Compressive Stress in Concrete.—The tensile stress in 
steel and the compressive stress in the concrete to resist the bending moment shall be 
calculated on the basis of the reinforcement and slab in the width included in a given strip 
and according to the assumptions and requirements given in the first three articles on 
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page 270. The steel shall be considered as being concentrated at the center of gravity of 
all the bands of steel in a given strip. 

36. For the four-way system of reinforcement the amount of steel to resist the negative 
bending moment over the support in each strip ‘A shall be taken as the sum of the areas of 
steel in one cross band and one diagonal band. The amount of steel to resist the positive 
bending moment of each strip B shall be considered as the area of the steel in a diagonal 
band. The amount of steel to resist the positive bending moment in each strip A shall 
be considered as the area of the steel in a cross band, and the amount of steel to resist 
the negative moment in each strip B shall be the steel included in the width of strip B. 

37. For the two-way system of reinforcement the amount of steel to resist the bending 
moment in any strip shall be considered as the area of steel included in the width of the 
strip. 

38. In both systems of reinforcement the compressive stress in the concrete in any 
strip shall be calculated by taking the area of steel considered for each strip and applying 
it in a beam formula based on the principles given in the article on “Design for Slabs, 
Beams and Girders’’ on page 270. 

39. Where drop panels are used, the width of beam assumed to resist the compressive 
stresses over the column capital shall be the width of the drop. 

40. The width of beam, where no drop panels are used, shall be the width of steel bands. 
Where this is found insufficient, the area shall be increased by introducing compression 
steel in the bottom of slab. 

41. Rectangular Panels.—When the length of panel in either two-way or four-way 
system does not exceed the breadth by more than 5 per cent, all computations shall be 
based on a square panel whose side equals the mean of the length and breadth, and the 
steel equally distributed among the strips according to the coefficients above specified. 

42. In no rectangular panel shall the length exceed the breadth by more than one-third 
of the latter. 

43. Rectangular Panels, Four-way System.—In the four-way system of reinforcement, 
where length exceeds breadth by more than 5 per cent, the amount of steel required in strip 
A, long direction, both positive and negative, shall be the same as that required for the 
same strip in a square panel whose length is equal to the long side of the rectangular panel. 

44, The amount of steel, strip A, short direction, positive and negative, shall be the 
same as that required for the same strip in a square panel, whose length is equal to the 
short side of the rectangular panel. 

45. The amount of steel in strip B, positive and negative, shall be the same as that 
required for similar strip in a square panel whose length is equal to the mean of the long 
and the short side of the rectangular panel. 

46. In no case shall the amount of steel in the short side be less than two-thirds of that 
required for the long side. 

47. Rectangular Panels, Two-way System.—lIn the two-way system of reinforcement 
the amount of steel required for the positive and the negative moment of each strip A shall 
be determined in the same manner as indicated for the four-way system above. 

48. The amount of steel in strip B, positive and negative, running in short direction, 
shall be equal to that required for the same strip in a square panel whose length equals the 
long side of the rectangular panel. 

49. The amount of steel in strip B, long direction, positive and negative, shall be equal 
to that required for the same strip in a square panel, whose length equals the short side of 
the rectangular panel. Z 

50. In no case shall the amount of steel in strip B, long direction, be less than two-thirds 
of that in the short direction. 

51. Walls and Openings.—Girders and beams shall be constructed under walls, around 
openings and to carry concentrated loads. m. ; 

52. Spandrel Beams.—The spandrel beams or girders shali, in addition to their own 
weight and the weight of the spandrel wall, be assumed to carry 20 per cent of the wall 
panel load uniformly distributed upon them. OF x6 ; - 

53. Placing of Steel.—In order that the slab bars shall be maintained in the position 
shown in the design during the work of pouring the slab, spacers and supports shall be 
provided satisfactory to the Commissioner of Buildings. All bars shall be secured in place 
at intersections by wire or other metal fastenings. In no case shall the spacing of the bars 
exceed 9 in. The steel to resist the negative moment in each strip B shall extend one- 
quarter of the panel length beyond the center line of the columns in both directions. | 

54. Splices in bars may be made wherever convenient, but preferably at points of 
minimum stress. The length of splice beyond the center point, in each direction, shall not 
be less than 40 diameters of the bars, nor less than 2 ft. The splicing of adjacent bars shall 
be avoided as far as possible. ; ; 

55. Slab bars which are lapped over the column, the sectional area of both being in- 
cluded in the calculations for negative moment, shall extend not less than 0.25 of the panel 
length for cross bands and 0.35 of the panel length for diagonal bands, beyond the column 
center. 
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56. Computations.—Complete computations of interior and wall panels and such other 
portions of the building as may be required by the Commissioner of Buildings shall be 
left in the office of the Commissioner of Buildings when plans are presented for approval. 

57. Test of Workmanship.—The Commissioner of Buildings or his representative may 
choose any two adjacent panels in the building for the purpose of ascertaining the character 
of workmanship. The test shall not be made sooner than the time required for the cement 
to set thoroughly, nor less than 6 weeks after the concrete had been poured. 

58. All deflections under test load shall be taken at the center of the slab, and shall be 
measured from the normal unloaded position of the slab. The two panels selected shall be 
uniformly loaded over their entire area with a load equal to the dead-load plus twice the 
live-load, thus obtaining twice the total design load. The load shall remain in place not 
less than 24 hr. If the total deflection in the center of the panel under the test load does 
not exceed 14 99 of the panel length, the slab may be placarded to carry the full design live- 
load. If it exceeds this amount of deflection, and recovers not less than 80 per cent of the 
total deflection within 7 days after the load is removed, the slab may be placarded to carry 
the full design live-load. If the deflection exceeds the allowable amount above specified, 
and the recovery is less than 80 per cent in 7 days after the removal of the test load, other 
tests shall be made on the same or other panels, the results of which will determine the 
amount of live-load the slabs will be permitted to carry. 

59. General.—The design and the execution of the work shall conform to the general 
provisions and the spirit of the Chicago Building Ordinances in points not covered by this 
Ruling and to the best engineering practice in general. 


276 


Sissies 


StorageB 
TA 

683 

2eH72 
1921 


30716 


DATE DUE 


| A.L.L. CAT. NO. | 30501 
| 


ie 
Rar oLE 
BBe eee 


Batty YEP Key 
Ecos 
apron 


pee 
arenes 
pute 


Rta tat 
Belts 


pease 


Sees 
2 


Se 
Ser 


a 


SS 


